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PREFACE 

This book explains how to use the DCTU-EM evaluation module. Although the book presents many 
topics in simplified form, some technical background is assumed on your part. It is assumed, for example, 
that you are familiar with the basics of microprocessor software and hardware. However, you need not be 
familiar with microprocessors manufactured by Digital Equipment Corporation. 

To understand software details such as those contained in the monitor listing (Appendix A), you should be 
familiar with the MACRO- 1 1 language. To understand hardware details, you should be able to read and 
interpret schematic diagrams and data sheets. 

The book is organized as follows. 

Chapter 1 is an introduction to the DCTl 1-EM and contains a specification summary for your reference. 

Chapter 2 explains how to install and power up your DCTl 1-EM. 

Chapter 3 shows you how to operate your DCTl 1-EM using the on-board keypad and switches. 

Chapter 4 shows you how to operate your DCTl 1-EM using a console terminal. 

Chapter 5 provides software information and describes the use of monitor subroutines. 

Chapter 6 gives an overview of the DCTl 1-EM hardware and contains information you will find useful if 
you plan to design external circuitry. 

Appendices A and B contain the DCTl 1-EM monitor listing and schematics, respectively. Appendix C 
contains a summary of error messages. 

You will find that this book requires a high degree of interaction between you and the DCTl 1-EM. 
Chapters 3 and 4, in particular, are structured so that examples are an integral part of the text. 
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CHAPTER 1 
OVERVIEW 

t.l INTRODUCTION 

The DCTl 1-EM is a standalone, single-board computer. Tt is designed as a tool to introduce you to the 
DCTl 1-AA microprocessor CPU chip and the PDP-1 1 architecture. It contains supporting hardware and 
software which greatly simplify the task of evaluating the DCTU-AA for your application. 

The DCTl 1-EM gives you considerable flexibility in designing your own software and hardware. You can 
write programs to run on the DCTl 1 -EM which are subsiantially-the same as those written in the versatile 
PDP-I I assembly language. You can also design your own hardware interfaces to use with the DCTl 1- 
EM. In fact, your hardware can connect directly to the DCTl 1-EM's internal data paths through an on- 
board, 60-pin male connector. 

This chapter summarizes the features of the DCTl 1-EM. You will find more detail in the chapters that 
follow. 

1.2 THE DCTU-EM AT A GLANCE 

Central Processor 

• DCTU-AA microprocessor 

• 133 ns cycle time (standard) 

Memory 

• 4 K bytes of RAM, expandable to 8 K bytes 

• 16 K bytes of EPROM which contains the DCTl 1-EM monitor 

Input/Output 

• Two serial ports, one for a console terminal and the other for an auxiliary RS232-C device 

• One 8-bit parallel port 

• One 60-pin connector for use by expansion hardware; allows access to DCTl 1-EM internal data 
paths 

Host Communication 

• Host computer can be connected to the auxiliary serial port for downline loading of programs 

• Character format is asynchronous, 8 bits, ASCII, no parity, one stop bit 

• Available baud rates are: 300, 600, 1200, 2400, 4800, 9600, 19200 



Software 



Software is EPROM resident 

Keypad monitor for performing operations with the on-board keypad 

Console monitor for performing operations with a console terminal and with a host computer 
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On-Board Control Hardware 

• 20-key keypad (4x5 array) 

• HALT push-button switch 

On-Board Displays 

• Two rows of 6-digit octal LEDs 

• User LED 

Interrupts 

• Four levels of interrupt priorities 

• On-board interrupt push-button switch 

Diagnostics 

• Contained in EPROM, automatically run at power-up time 
Documentation (provided with DCTll-EM) 

• DCTll-EM User's Guide 

• DCTll-AA (MICRO/T-ll) User's Guide 

• DC3t9-AA DLART Data Sheet 

Physical 

• Width: 20.3 cm (8 in) 

• Length (including connectors): 27.9 cm (11 in) 

• Height: 3.8 cm (1.5 in) 

• Weight: 450 gm (15 oz) 

Environment 

• Noncaustic environment required 

• Operating temperature: 10 to 40 degrees C 

• Relative humidity: 10% to 90% (noncondensing) 

• Altitude: Up to 2.4 km (8000 ft) 

DC Power Requirements 

• Kor keypad operation only: 

+5 V (±5%) (a. 2 A 

• For console terminal operation: 

+ 5 V (±5%) fe. 2 A 

+ 12 V (±10%) (s 50 mA 

-12 V (±10%) Qu 50 mA 
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CHAPTER 2 
INSTALLATION 



2.1 INTRODUCTION 

DCTI 1-EM installation consists of attaching a power supply, powering up, and verifying that the board is 
operating properly. 

2.2 POWER SUPPLY REQUIREMENTS 

The DCTI 1-EM requires a +5 Vdc supply (±5%) capable of delivering up to 2 A. If you plan to use the 
console or auxiliary serial ports, you also need a +12 Vdc supply (±10%) and a —12 Vdc supply (±10%) 
each capable of delivering up to 50 mA, 

WARNING 

To protect yourself against injury from contact with 
circuits that carry high energy, we suggest your 
power supply outputs be limited to no more than 240 
VA. This is in accordance with standards for data 
processing equipment. 

CAUTION 
We recommend that you fuse your power supply 
outputs at 5 A or less to provide overcurrent protec- 
tion to circuits and remote wiring. 

2.3 CONSTRUCTING A POWER SUPPLY CABLE 

The DCTI 1-EM is packaged with a power supply connector and pins with which you can assemble a 
power supply cable. To do this, perform the following steps. 

1 . Select a 1 foot length of medium gauge (10 to 14 gauge) wire and strip the wire about 1/4 inch 
from each end. If you are using multiple-strand wire, twist the strands together at each stripped 
end. 

2. Insert one end of the wire into a pin as shown in Figure 2-1. Crimp the pin to the wire with a 
pair of pliers or a crimping tool and solder the wire. 



PIN 




CRIMP PIN HERE, THEN SOLDER WIRE ms lov. 



Figure 2-1 Attaching Pin to Wire 
2-1 



3. Insert the pin in the connector as shown in Figure 2-2. 




KEY 



Figure 2-2 Inserting Pin into Connector 



4. Repeat steps 1, 2, and 3 for each wire in your connector. (Use different colored wires for easy 
identification,) 

5. Attach the wires to a power supply, making sure they correspond to the correct voltages as 
shown in Figure 2-3. 




KEY 



Figure 2-3 Power Supply Connector Pin Assignments 



6. Turn on the power supply and use a voltmeter to check thai the correct voltages appear at the 
connector pins. 

7. Turn off the power supply and attach the connector to the DCTl 1-EM as shown in Figure 2-4. 
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Figure 2-4 Power Supply Connector 



You are now ready to power up your DCTl 1-EM. 

2,4 POWERING UP AND VERIFYING CORRECT OPERATION 

Make sure your DCTl 1-EM is on a nonmetallic surface and positioned so that it does not come in contact 
with any conducting objects. Then turn on your power supply. 

When you apply power, the DCTl 1-EM runs its diagnostics automatically. The diagnostics: (1) perform 
checksum tests for the on-board RAM and PROM, and (2) write and read back data to and from the 
DLART. If the diagnostics run successfully, the LEDs display the following. 
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This shows that the keypad monitor is active and ready to accept your input. Further information on using 
the keypad is given in Chapter 3. 

In addition to activating the keypad monitor, the DCTl 1-EM also sets these initial conditions: 

• All user RAM is cleared 

• The symbol table is cleared 

• The Slack pointer is set to 7400 

• Both serial port baud rates are set to 9600. 

You will learn more about what these initial conditions mean in later chapters. 
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If the two rows of LEDs are blank after you power up, your DCTl 1-EM probably has major problems. 

The LEDs may display a flashing diagnostic error message after you power up. The meaning of the error 
messages is summarized below. 
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MEANING 

RAM checksum test failed. Try 
replacing RAM chips. 



ROM checksum test failed. Try 
replacing ROM chips. 



RAM and ROM checksum tests failed. 
Board may have malor problems. 



DLART feedback test failed. 
Board may have major prohlems. 



If you suspect your board has major problems, contact Digital Equipment Corporation or the authorized 
distributor from whom you purchased your DCTl 1-EM. The DCTl l-EM is warranted against defects in 
workmanship for a period of ninety (90) days from the date of delivery. 

2.5 JUMPERING 

There are two metal posts located above the upper left corner of the DCTl l-EM keypad. Install a jumper 
between these posts if you want to disable the generation of DCTl 1-AA microprocessor cycle slips. If you 
do this, you must also change the DCTl 1-AA's 7.5 MHz clock frequency to a frequency between 3 MHz 
and 6 MHz. To change the clock frequency, remove the 7.5 MHz crystal from the board and install a 
crystal of the desired frequency. 

This is the only jumper that may be installed on the DCTU-EM. 



2-4 



CHAPTER 3 
KEYPAD OPERATION 

3.1 INTRODUCTION 

This chapter explains how to operate the DCTll-EM using the DCTll-EM's on-board keypad and 
switches. When you complete this chapter, you will be able to do the following. 

Examine and alter the contents of registers in the DCTl 1-AA register file. 

Examine and alter the contents of memory locations. 

Enter and execute programs. 

Debug your programs through the use of single steps, breakpoints, and watchpoints. 

Perform halts and interrupts. 

Perform a number of other functions. 

The DCTl 1-EM keypad, switches, and displays are arranged as shown in Figure 3-1. 
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Figure 3-1 DCTl l-EM Keypad, Switches, and Displays 
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Figure 3-1 shows two rows of six LED digits which display data, addresses, and other information. Below 
the two rows of LED digits is a single LED (called the user LED) which you can use as an indicator in your 
programs. To the right of the LEDs are the HALT and INT push-button switches. These switches perform 
the functions their names imply; that is, they can halt and interrupt DCTl 1-EM operation. To the extreme 
right is a 4 X 5 array of switches called the keypad. The keypad is used to enter commands, instructions, 
and other information to the DCTl 1-EM. Pressing keys will generally cause responses to appear on the 
LED displays. 

3.2 NUMBER SYSTEM 

Information that is input or output via the keypad/LED combination must be represented in octal 
notation. Since the DCTl 1-AA is a 16-bit processor, the acceptable range of octal inputs and outputs is 
000000 through 177777. 

3.3 EXAMINING REGISTERS 

To examine the contents of a DCTl 1-AA internal register, you must first place the DCTl 1-EM in register 
mode. Do this by pressing the REG key. The LEDs display: 



r E G 



Now you may examine a register by pressing any of the following keys: 

through 9 

or 

CLR, which is equivalent to key 0. 

In general, the name of the register being examined appears on the upper row of LEDs, and the contents of 
the register appears on the lower row of LEDs. The exception to this is when the watchpoint (WP) is 
examined. In that case, an address called the watchpoint (WP) address is displayed on the upper row of 
LEDs. and the WP contents are displayed on the lower row. 

Keys through 7 select RO through R7, the eight registers in the DCTl 1-AA register file. Registers 6 and 
7 are dedicated and are referred to as the stack pointer (SP) and program counter (PC), respectively. 

Key 8 selects the processor status (PS) word. Only the lower 8 bits of the PS word are meaningful. The PS 
word contains the current processor priority, the processor condition codes (N, Z, V, and C), and the T-bit. 

Key 9 selects the watchpoint (WP). The WP is useful in connection with program debugging and is 
discussed in Paragraph 3.8.3. 
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NOTE 
If you have just powered up your DCTll-EM or if 
you have halted its operation, it is not necessary to 
press the REG key to get into register mode. 

The upper row of LEDs will display: 



p c 



The lower row of LEDs will display the current 
value of the PC, and you can simply press one of the 
keys through 9 or CLR to select a register. 

Examining Registers - Example ] 

You want to examine the contents of various registers, it is assumed that the registers stili contain their 
initial (power-up) values. 
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COMMENTS 

Get into register miDde 



The ADV and BAC keys allow you to examine register contents sequentially. Pressing the ADV key allows 
you to examine registers in ascending order. You cannot advance beyond the WP. Pressing the BAC key 
allows you to examine registers in descending order. You cannot back up beyond RO. 

If you want to examine registers nonsequentially after you have pressed ADV or BAC, you must first press 
the REG key to reinitialize register mode. Otherwise, you will alter the contents of the register you arc 
currently examining. 
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Examining Registers - Example 2 

You want to examine more registers. You begin by examining them sequentially. It is assumed that the 
registers still contain their initial (power-up) values. 
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COMMENTS 



Get into register mode. 



You wanted to examine 
R4 but you altered RO 
instead. 



Clear the incofrect entry. 



This is how to examine fl4. 



Now you're sequentially 
examining again. 



3.4 ALTERING REGISTERS 

To alter the contents of a DCTl 1-AA internal register, you must first examine the register as described in 
Paragraph 3.3. To review, this means you must place the DCTU-EM in register mode by pressing the 
REG key and examine the desired register by pressing one of the keys through 9. Once you have done 
this, press the EXA key and alter the contents of the selected register by pressing keys through 7 in the 
desired order. 
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The previous contents of the register wjl! be cleared and you will see the new contents being shifted in from 
the right side of the lower row of LEDs as you press keys. 

If you wish to clear the contents of a register, press the CLR key after you have pressed the EXA key. 
Pressing the CLR key also clears a register while you are entering data. 

Altering Registers - Example 1 

You want to set register R3 to 000232 and the SP to 6000. It is assumed that the registers still contain 
their initial (power-up) values. 
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Get into register mode. 



Enamine R3. 



Enter 232. 



Vou change you^ mind, 
and clear R3 instead. 



Get back into register 
mode to change another 
register. 



Examine R6 (the SP). It 
currently - 7400. 



Set SP = 6000. 
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The ADV and BAC keys allow you to alter register contents sequentially. Pressing the ADV key allows 
you to alter registers in ascending order. You cannot advance beyond the WP. Pressing the BAC key 
allows you to alter registers in descending order. You cannot back up beyond RO. 

Press the ADV or BAC keys until you arrive at the register you want to alter, then press the desired 
sequence of keys through 7 to enter the data. If you want to clear the register, press CLR. If you want to 
alter registers nonsequentially after you have pressed the ADV or BAC keys, you must first press the REG 
key to reinitialize register mode. Then press through 9 to select the desired register, followed by EXA, 
followed by the data you wish to enter. 

It is generally easier to stay in sequential mode and step forward or backward to the desired register than 
to perform nonsequential alterations. 

Altering Registers - Example 2 

You have just completed example ] and now want to sequentially change some registers. 
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COMMENTS 

R5 IS now alterable. 



Enter 43. 



R4 is now alterable. 



R3 is now alterable, 



Enter 1 , 



R4 is now alterable. But 
now you want to clear R3 
and alter RO, 
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RO is now alterable. 



Enter 1, 



3.5 EXAMINING MEMORY LOCATIONS 

To examine a memory location, you must first place the DCTl 1-EM in address mode. Do this by pressing 
the ADR key. The first time you do this, the LEDs display: 
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Subsequently, when you press the ADR key, the upper row of LEDs displays: 



A d d r 



and the lower row of LEDs displays the most recently examined address. 

Enter the address of the memory location you wish to examine by pressing the appropriate sequence of 
keys through 7 . 

The previous address will be cleared and you will see the address you are entering being shifted in from the 
right side of the lower row of LEDs as you press keys. 

If you make a mistake entering your address, you can press the CLR key to clear your entry and try again. 

Once you are satisfied with the address you have entered, press the EXA key. The address of the location 
you are examining (the address you just entered) appears on the upper row of LEDs, and the contents of 
this location appear on the lower row of LEDs. Only even addresses can be examined. If you enter an odd 
address, it is rounded down when you press the EXA key. 
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Examining Memory Locations - Example I 

You have just powered up your DCTil-EM and want to examine some memory locations. There is a 
program that resides in the t)CTl 1-EM called the monitor which begins at address 140000. You will learn 
more about the monitor later, but for now, all we want to do is examine some of its locatioas. 
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COMMENTS 



Gef tnto address mode. 



EiiTer 140000, 



The ADV and BAC keys allow you to examine memory locations sequentially. Pressing the ADV key 
allows you to examine memory locations in ascending order. Advancing beyond address 177776 results in 
examining locations starting at 000000. Pressing the BAC key allows you to alter registers in descending 
order. Backing up beyond 000000 results in examining locations starting at 177776. 

If you want to examine memory locations nonsequentially after you have pressed ADV or BAC, you must 
first press the ADR key to reinitialize address mode. Otherwise, you will change the contents of the 
memory location you are currently examining. 

Examining Memory Locations - Example 2 

You have just finished example 1 and now want to examine more locations in the monitor. You start by 
examining them sequentially. 
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COMMENTS 



Reinitialize addtess 
mode for nonsequcniiat 
exaniine. 



You iry to examine 
140101. 



The address is rounded 
down ant) you examine 

140100. 



Now you're sequentially 
exarnining again. 
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3.6 ALTERING MEMORY LOCATIONS 

To alter the contents of a memory location, you must first examine the memory location as described in 
Paragraph 3.5. To review, this means you must place the DCTl 1-EM in address mode by pressing the 
ADR key and examine the desired location by pressing the appropriate sequence of keys through 7. 
Then press the EXA key. 

The contents of the location you are examining can now be changed by pressing keys through 7 in the 
desired sequence. The previous contents of the location will be cleared and you will see the new contents 
being shifted in from the right side of the lower row of LEDs as you press keys. 

Pressing the CLR key will clear the location before or during data entry. 

Altering Memory Locations - Example t 

You have just powered up your DCTU-EM and want to alter some memory locations. Locations 2000 
through 2006 are in the user RAM area and will be u.sed in the following examples. Later on, you will 
learn more about the availabihty of DCTl 1-EM memory and address space, but for now the discussion 
will be limited to these locations only. 
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Gel into address mode. 



£.iter 2004 



You made a mistake and 
entered ' instead of 0. 



Clear entry. 



Try again - erter 2004. 



2004 is curtenily 
empty. 



Enter 32 
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Back to address mode to 
alier another location 
Note - most recent address 
examined is displayed. 



Enter 2000, 



2000 is cufremfy 
empty. 



Enter 1 , 



The ADV and BAC keys allow you to alter memory locations sequentially. Pressing the ADV key allows 
you to alter memory locations in ascending order. Pressing the BAC key allows you to alter memory 
locations in descending order. 

Press the ADV or BAC keys until you arrive at the memory location you want to alter and press the 
desired sequence of keys through 7 to enter the data. If you want to clear the memory location, press 
CLR. 

.Altering Memory Locations - Example 2 

You have just completed example 1 and now want to sequentially alter memory locations. 
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COMMENTS 



Location 2002 is now 
alterable. 



Enter 47, 



Location 2004 is now 

alterable. 
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Emei 5. 
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Location 2006 is now 
alterable. 
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Location 2004 is now 
alterab'e- 












CLR 




I 
2 








4 






















Clear n. 



3.7 ENTERING AND EXECUTING A SIMPLE PROGRAM 

In this paragraph, we will tie together the material presented thus far by entering and running a simple 
program. It is assumed you are familiar with an assembly language instruction set. A full description of the 
instruction set used in the following example is found in Chapter 6 of the DCTl I -A A User's Guide (EK- 
DCTll-UG). 

The following program takes a number in register Rl, adds it to a number in register R2, and puts the 
result in register R3. 



Octal Code 



Instruction 



Comments 



010103 
060203 
000000 



MOV Ri,R3 
ADD R2,R3 
HALT 



Get first term. 
Add second term. 
Halt program execution. 



We will place this program in user RAM, starting at address 2000. 
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Examine 2000, 



3-12 



E 

EXA 

□ 

□ 

m 

ADV 

H 
H 

H 
H 

ADV 
CLR 
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Current contents of 
2004 are shown on 
lowLT LEDs, 
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Enter first instruciion. 
Vou aonl need lo enter 
leading zeroes. 



Examine next address. 



Enter second instruction. 



Examine next address. 



Enter third instruction. 
HALT IS entered by 
clearing the location. 
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Now place some numbers in Rl and R2 that the program can work with. Also make sure R3 is cleared. 
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Current contents of 
Rl remain on lovver 
LEDs. 







r 


1 














— 1 









2 





1 
t 


2 








Current contents of 
R? shown on lower 
LEDs. 
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R3 shown on lower 
LEDs, 
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Get into register mode. 



Enter 2. 



Enter 3, 



Clear R3. 



Now go back and check what you have just entered. 
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Get into address mode. 



Examine 2000. 
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Examine 2002. 
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Examine 2004. 
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Get into register mode 
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Examine registers. 
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Everything O.K 



Now run the program. Set the PC to the starting address of the program (2000) and press the GO key to 
begin program execution. Since you are currently in register mode, press the ADV key until you get to the 
PC. 
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Curreni comenis of 
PC shown on lower 
LEDs. 












p 


c 























2 












p 


' 






1 










2 








Jc 









2 












p 


c 














2 





















p 


c 












2 





6 



Enter 2000. 



Execute the program. 



The program is now halted. The current PC (2006) is displayed on the lower row of LEDs. 
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Check R3 to find out if the program executed properly. Since you are in register mode, press the BAC key 
until you get to R3: 



BAC 








, 


' 




1^^^ 




1 









5 

1 



and the result is correct. 

3.8 WORKING WITH A LONGER PROGRAM 

Consider a program that calculates the sum of all the numbers from to n. where you specify n. That is, 
the program determines: 

n 

x=o 
You place the value of n in RO, and the program deposits the sum it calculates In memory location 2044. 
Use the keypad to enter the following summation program starting at location 2000. 





Octal 






Location 


Code 


Instruction 


Comments 


2000 


005001 


CLR Rl 


Set R 1 = 0. 


2002 


020001 


CMP R0,R1 


RO contains n. 


2004 


003413 


BLE 2034 


Illegal input (n < 0)? 


2006 


005037 


CLR ^#2044 


No, start operation by clearing 2044 


2010 


002044 






20!2 


010037 


MOV R0,(«#2044 


Place first value of n in 2044. 


2014 


002044 






2016 


005300 


DEC RO 


n =^ n— 1 


2020 


060037 


ADD R0,(aJ2044 


Add next value (n-1) to 2044. 


2022 


002044 






2024 


102404 


BVS 2036 


Overflow'' 


2026 


020001 


CMP R0,R1 


No overflow. 


2030 


003372 


BGT 2016 


Continue operation if n > 0. 


2032 


000000 


HALT 


Operation complete if n = 0. 


2034 


005000 


CLR RO 


Illegal input. Clear RO, 2044. 


2036 


005037 


CLR (a#2044 


Overflow. Clear 2044. 


2040 


002044 






2042 


000000 


HALT 


Illegal input or overflow occurred. 


2044 


xxxxxx 




Initial contents of 2044 irrelevant. 
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To test the operation of the program, deposit a value of 10 (octal) into RO. The program should sum 1 + 
7 + 6 + 5 + 4 + 3 + 2+1 (octal) in memory location 2044 to produce 44 (octal). Note that this is 
equivalent to having a value of 8 (decimal) in RO and letting the program sum 8 + 7 + 6 + 5 + 4 + 3 + 2 + 
I (decimal) to produce 36 (decimal). 

Set RO = 10 
SP = 7400 
PC = 2000 

Press the GO key. 

The result should be: 



PC 
2 3 4 



The program halted at location 2032. Now examine location 2044. 
The result should be: 
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3.8.1 Using the Single-Step Function 

The single-step function is a powerful program analysis tool. It allows you to execute your program one 
instruction at a time. At the end of each instruction, you may examine various registers and memory 
kxations to determine how the program has affected them. 

To perform the single-step function, press the SST key. 

Result: the instruction currently pointed to by the PC is executed. 

Lcl us now single step through the preceding summation program. First set up your initial conditions: 

Set RO = 10 
SP = 7400 
PC - 2000 
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Then key in the following. 
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Yes. 
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SST 
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2020 executed. 



Has RO been added to 2044? 



Yes. 



2024 executed. 



2026 executed. 



Program branched correctly. 



201 6 executed. 



Did RO get decremented' 



Yes 



2020 executed. 



Did RO get added to 2044' 



Yes. 



\ou can continue executing the program one instruction at a time by repetitively pressing the SST key. 

yji.2 Using Breakpoints 

The use of breakpoints is another means of analyzing and debugging your programs. Breakpoints cause 
*our program to halt whenever they are encountered. When the program is halted, you can then examine 
iinous registers and memory locations to determine how the program has affected them. 

Ir" there were no debugging aids, you would have to insert breakpoint (BPT) instructions in your program 
ju-d write a breakpoint trap handling routine if you desired breakpoints. The DCTl 1-EM, however, does 
;.:ntain debugging aids and provides a convenient means of inserting up to four breakpoints via the 
tr.pad. Do not attempt to set breakpoints by inserting BPT instructions in your program. If you do this, 
■ - Ail] gel an error message when you try to execute the program (see Appendix C). 
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To insert breakpoints, press the BPT key. 
The upper row of LEDs displays: 



b 
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t 


1 



and the lower row of LEDs displays the current address of breakpoint 1. If breakpoint 1 is not currently 
set, the lower row of LEDs displays: 














1 



You can Ihen press the appropriate sequence of keys through 7 to enter the address of breakpoint 1. 

You can set up to four breakpoints in this way. Use the ADV and BAC keys to examine breakpoints 1 
through 4 and press the appropriate sequence of keys through 7 to enter an address for each breakpoint. 

If you press BAC while you are examining breakpoint 1, you are examining something called the 
watchpoint address. The use of the watchpoint is explained in Paragraph 3.8.3. 

Breakpoints are recognized only if you use the GO key or the "Go With LEDs" special function 
(Paragraph 3.12.2) to execute your program from the keypad. Breakpoints are disabled when you single 
step through a program. 

When you execute a program with breakpoints in it (by pressing the GO key, for example), your program 
halts at the address of your first breakpoint without executing the instruction at that address. The 
instruction at the breakpoint address is executed when you resume program execution (e.g., by pressing the 
GO or SST keys). 

Using Breakpoints - Example 

We want to set two breakpoints in the summation program shown in Paragraph 3.8. Set the first 
breakpoint at address 2020 to make sure RO has been decremented properly. Then set the second 
breakpoint at address 2024 to check the results of the cumulative addition. 
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COMMENTS 

Assume no breakpoints 
have been previously set. 



Enter 2020. 
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Set breakpoint 2, 



Enter 2024. 



Set your initial conditions as before (RO = 10. SP = 7400, PC = 2000) and execute the program. 
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First breakpoint 
encountered. 



Old RO ge! decremenied' 



Yes 



Resume execution 



Examine address 2044 to see if the first addition was performed correctly. 
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Examine 2044. 
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Addition periocrned 
correctly 



Resume execution. 



Did RO yet dectemented' 



Ves. 



Resurne execuiiun. 



3.8.3 Using the Watchpoint 

In Paragraph 3.3 we identified the watchpoint (WP) and showed how it could be examined. In this section, 
you will learn how to use the WP for program analysis and debugging. 

The watchpoint is a convenient means of monitoring and altering a memory location. Once you set the 
watchpoint address to the address of a memory location, you can examine and alter that location just as 
you would a register. To set a watchpoint address, press the BPT key, then the BAC key. 

The upper row of LEDs displays: 



P n t I A d r 



and the lower row of LEDs displays the current WP address. 
If the WP is not set, the lower row of LEDs displays: 






° 












You may now enter the new WP address by pressing the desired sequence of keys through 7. You can 
clear the WP by setting its address to zero. 
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Using the Watchpoint - Example 1 

In our summation program in Paragraph 3.8, we used localion 2044 to deposit our accumulated result. 
Since we would like to examine (and possibly alter) this location frequently, we set our watchpoint address 
at 2044. 
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COMMENTS 

Current value of BP1 
displayed on 
lower LEDS. 



Enier watchpoint address 
of 2044. 



Now we can examine and alter the contents of location 2044 just as we would a register. If you run the 
summation program in Paragraph 3.8 and want to inspect the result, do the following. 
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Current contents of 
2044 shown on 
lower LEDs. 
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Current contents of 
2004 shown on 
lower LEDs, 
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Get into recjister mode. 



Examine WP. 



Cleat- il. 



You have just cleared the contents of location 2044. 

The watchpoint can be used in conjunction with the single-step function to continuously monitor the 
contents of a memory location. When this is done, the contents of the watchpoint appear on the upper row 
of LEDs. and the current PC appears on the lower row of LEDs. 
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Using the Watchpoint - Example 2 

You are still working with the summation program in Paragraph 3.8. You have established a watchpoint at 
location 2044, as shown in the previous example, and want to continuously monitor the contents of this 
location as you single step through the program. 

Set your initial conditions as before (RO = 1 0, SP = 7400, PC = 2000) and key in the following. 



KEY 



UPPER 
DISPLAY 



LOWER 
DISPLAY 



COMMENTS 



SST 






























2 


2 












SST 





















00 


2 





4 







































2 





6 


SST 


































00 


2 




2 


SST 









1 












— '"1 
SST 







10 










2 





1 


6 














SST 










1 1 

1 1 1 










2 





Z 


D 














SST 












1 7 







2 


2 4 


























2000 executed: 

2044 contents shown on 

upper LEDs. 



2002 executed. 



2004 executed 



2005 executed. 



20)2 execuled, 
2044 has changed. 



2016 execuied. 



2020 executed. 
2044 has changed, 



And so on. When you finish executing the program (e.g., after you have executed instruction 2032 in the 
example above), the upper row of LEDs displays: 



p c 



and the lower row of LEDs displays the current PC. 

3.9 USING THE HALT SWITCH 

Pressing the HALT switch causes you to unconditionally halt the operation of your program and return 
control to the DCTl 1-EM keypad. When you press the HALT switch, the upper row of LEDs displays: 



p c 



and the lower row of LEDs displays the current PC. 
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You can use the HALT switch, for example, to escape from an infinite loop your program is executing or 
to inhibit hardware problems which are interrupting the proper operation of the DCTl 1-EM. 

After pressing HALT, you are in register mode and can readily examine the contents of the DCTl I -EM 
registers as described in Paragraph 3.3. 

3.10 THE INT SWITCH 

Pressing the INT switch causes you to generate a power-fail (PF) nonmaskable interrupt. Pressing this 
switch will have no effect on the operation of the DCTl 1-EM unless you specifically write a program that 
recognizes input from it. The program in the following example shows you how to use this switch to 
experiment with interrupts. Also refer to Chapter 6 for more information on interrupts. 

Using the INT Switch - Example 

This program simply loops on itself at location 1510 until you press the INT switch. Then the current PC 
and PS are pushed onto the hardware stack and the DCTl 1-EM goes to locations 24 and 26 for its new PC 
and PS, respectively. Location 24 is called the power-fail vector and usually points to a power-fail service 
routine. The first line of your program, however, changes location 24 to point to your own "power-fail 
service routine." This routine, which you specify to start at location 1514, is not a power-fail service 
routine at a!!, but a routine that sets RO to the number of times (in octal) that the interrupt switch has been 
pressed. 

Enter the following. 





Octal 






Location 


Code 


Instruction 


Comments 


1500 


012737 


MOV #1514.^^24 




1502 


001514 




Set power-fail vector to 
routine." 


1504 


000024 






1506 


005000 


CLRRO 


Initialize RO. 


1510 


000777 


BR 1510 


Await interrupt. 


1512 


000000 


HALT 




1514 


005200 


INCRO 


Start of "service routine.' 


1516 


000002 


RTl 


Restore old PC and PS. 



service 



Start the program at 1 500 and press the INT switch a number of times. The upper and lower row of LEDs 
will be blank while you are pressing the INT switch. Each time you press INT, you execute the "service 
routine" which increments RO. When the routine is done, it returns to 1510 to await another INT switch 
press. Press the HALT switch to suspend operation and examine RO. 

3.11 THE USER LED 

The user LED is a general-purpose indicator lamp that your program can use to indicate the status of some 
condition. You can turn on the user LED by writing 00001 1 to port C of the 8255A parallel port chip (see 
Paragraph 6.5.1). Port C of the 8255A chip has an address of 177444. Writing OOOOIO to port C of the 
8255A chip turns off the user LED once it has been turned on by your program. 
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User LED - Example 

The following is a short program that turns the user LED on and off. Use the keypad to enter this program 
starting at location 1000. 





Octal 




Location 


Code 


Instruction 


iOOO 


012737 


MOV #H,fe# 177444 


1002 


000011 




1004 


177444 




1006 


012700 


MOV #100000,R0 


1010 


100000 




1012 


077001 


SOBRO,10I2 


I0I4 


012737 


MOV #10,^#] 77444 


1016 


000010 




1020 


177444 




1022 


012700 


MOV #100000,R0 


1024 


100000 




1026 


077001 


SOB R0J026 


1030 


000137 


JMPfe#1000 


1032 


001000 





Comments 



Write 1 1 to port C. 



Put a large number in RO. 

Loop for a while. 
Write 10 to port C. 

Put a large number in RO. 

Loop for a while. 
Loop infinitely. 



3.12 PERFORMING KEYPAD SPECIAL FUNCTIONS 

There are five types of special functions you can perform through the use of the DCT) 1-EM keypad. 



Function Number 



Function Name 



Cancel breakpoints 
Go with LEDs 
Start console 
Set baud rates 
Release protection 



To perform one of these special functions, you must first place the DCTl I-EM in function mode. To do 
this, press the FNC key. The LEDs display: 





F 


u 


n 


c 





and you can now select a function by pressing any of the keys through 4 or CLR, which is equivalent to 
0. When you have done this, the number of the selected function appears on the bottom row of LEDs, The 
selected special function is then activated by pressing the EXA key. 

The following paragraphs describe the operation of these special functions. 
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3.12.1 Function - Cancel Breakpoints 

Function clears all four breakpoint addresses and the watchpoint address. When function is activated, 
the upper row of LEDs displays: 



P iC 



ind the lower row of LEDs displays the current value of the PC. The DCTl 1-EM is left in register mode. 

Fanction - Example 

\ou are debugging a program you just entered and want to clear all the breakpoints and watchpoinls 
issociaied with an old program. 



KEY 




UPPER 
DISPLAY 








LOWER 
DISPLAY 




COMMENTS 








F 


u 


n 


c 


















FNC 




Get into function mode 



















F u 
1 


n 


c 



















Select function 0, 




















P 


C ' 






Current PC sliowii on 

lower LEDs. 




EXA 




















b 


r 


P 


n 


t 


1 





















BPT 




Verify breakpoint 1 
tl cared. 






















P 


n 


t ! A ' d 


r 







i ; 

i 1 










BAG 




Verify walchpomt address 
cleared. 




















b 


r 


\ 1 
P ; n t 


1 


















ADV 


or 


BPT 




Breakpoint 1 again 


















AOV 


b 


r 


P n 

1 


t 


2 






1 


1 








Verify ijrcalipoin; 2 
cleared. 



3LI12 Function I - Go With LEDs 

Within the DCTl 1-EM are a number of routines your program can call to display values on the LEDs (see 
Plragraph 5.3. 1). For these routines to operate correctly, you must explicitly turn on the LEDs before you 
Cill a routine. One way to turn on the LEDs is to include a MOV #7,@# 177444 instruction in your 
jrogram (see Paragraph 5.3.1.1). Another way is to execute your program by activating function 1 rather 
:*tin by pressing the GO key. Activating function 1 turns on the LEDs and starts your program. 
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3.12.3 Function 2 - Start Console 

If you connect a console terminal to your DCTH-EM, you will use function 2 frequently. Activating 
function 2 starts a program called the console monitor. The console monitor resides in the on-board 
PROMs and allows you to enter, execute, and debug programs through the use of a console terminal rather 
than the keypad. The console monitor also allows you to perform other operations and is described in more 
detail in Cliapter 4. 

Before activating function 2, connect a console terminal to the DCTll-EM and select an appropriate baud 
rate by activating function 3 (see Paragraph 3.12.4). 

When function 2 is activated, the upper and lower LEDs are blank and the message; 

TEM CONSOLE MONITOR Vl.O 
TEM> 

appears on the console terminal. 

3.12.4 Function 3 - Set Baud Rates 

The DCTH-EM has two serial ports; a console terminal port and an auxiliary serial port. Activating 
function 3 allows you to select baud rates for these ports. When the DCTU-EM is powered up, it 
automatically sets both baud rates to 9600. 

When you first activate function 3, the upper row of LEDs displays; 



c 


1 

n 


S 


1 





and the lower row of LEDs displays: 








9 


6 






This tells us that the console terminal port is currently set at 9600 baud. Note that the baud rate is 
displayed as a decimal number. 

Pressing the ADV and BAC keys steps you backward and forward among the various baud rate values 
available for the console terminal port. The available baud rates for the console terminal port are; 300, 
600, 1200, 2400, 4800, 9600, and 19200. 

You can now set the baud rate of the auxiUary serial port by pressing the EXA key. The first lime you do 
this, the upper row of LEDs displays; 



A 




1 
Port 



and the lower row of LEDs displays: 








9 


6 
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This tells us that the auxiliary serial port is currently set at 9600 baud. Repetitively pressing any of the 
keys CLR, through 9, ADV, or BAC causes you to alternate between two available baud rates. The two 
available baud rates for the auxiliary serial port are: the current baud rate of the console terminal port and 
ooc-fourth the current baud rate of the console terminal port. Pressing EXA again puts you into register 
mode. 

Fmction 3 - Example 

You want to use function 3 to experiment with setting baud rales for the console terminal serial port and 
ihc auxiliary serial port. You have not altered these baud rates since powering up. 



KEY 



UPPER 
DISPLAY 



LOWER 
DISPLAY 



COMMENTS 



FNC 





F 


u 


n 


c 



















Gel Into function mode. 









F 


u 


n 


c 1 










3 







Select function 3. 



EXA 



ADV 



BAC 



BAC 



BAC 



c 





n 


S 





1 






D 


9 


6 






c 





n 


s 


a 


1 






1 


9 


2 














c 


o 


n 


s 





1 









9 


6 














c 


o 


n S 





1 









4 


8 














c 


o 


n 


s 


o 


1 









2 


4 


ojo 








c 


o 


n 


s 


o 


1 









1 


2 









Baud rale for console 
terminal pofl = 9600 



EXA 







A 




P 


o 


r 


t 









1 


2 














A 




P 


o 


r t 

i 












3 









Band rste for auxiliary 
Dort = terminal port. 



300 = one fourth of 1200. 



ADV 



EXA 



A 




P 





r 


t 









1 


2 




















A 




P 


o 


r 


t 




; 

i 





3 
















1 


c 








Current PC 5hown on 
lower LEDs. 



Back to 1200. 



Back to 300 



Now in register mode. 
Console port = 1 200 
Auxiliary port = 300. 
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3.12.5 Function 4 - Release Protection 

There is an area of RAM that the DCTll-EM normally prevents you from directly altering from the 
keypad. This area is called the keypad monitor scratchpad and occupies the memory space from addresses 
7400 to 7777. Refer to Paragraphs 5.2 and 5.4.1 for more information about the keypad monitor and this 
protected area. 

Additionally, if you have a console terminal connected to your DCTl 1-EM, there are two other areas of 
RAM that are protected. These areas are the console monitor scratchpad and the symbol table. They 
occupy the memory space from addresses 6500 to 7377. Again, more information is provided in Chapter 
5- Activating function 4 releases the protection associated with these memory spaces. Note that "protec- 
tion" refers to protection from direct alteration via the keypad or console terminal. Programs that you 
write can and will alter these locations. Therefore, when you write your programs make sure these spaces 
are not inadvertantly violated. 

Protection is restored when you press the HALT switch, when a HALT instruction is encountered, or 
whenever you restart the DCTl I -EM. 

When you activate function 4, the upper row of LEDs displays: 



p c 



and the lower row of LEDs displays the current value of the PC. 

Function 4 - Example 

You want to alter location 7400, a normally protected location. 



KEY 



UPPER 
DISPLAY 



LOWER 
DISPLAY 



COMMENTS 



FNC 






. 


u 


n 


c 
























4 




F 


u 


n 


c 




i 1 














EXA 




T 


P 


c 






Current PC shown on 
lower LEDs' 



Get inio lunctruii mode. 



Select funciiu'i 4. 



Protection off. 



Alter the location. 



ADR 






' 


d 


d 


' 






Most recently exajn. 
ined address shown 
on lower LEDs. 


7 










A 


1 1 
d d { 















" 


7 








4 


. 


d 


d 


r 















7 


4 



Altei 7400 



3-30 






.. 


d r 

1 i 













'■ 1 

7 1 4 i' 
. 1 













! 1 ! M 

, A d i d ! r 1 










7 


4 


1 











exA 








7 


4 

1 






























2 


\ 




7 


4 

1 
















° 


2 



Enier 2. 



Restore protection by pressing the HALT switch. 



® 



p c 



Currant PC shown on 
lower LEDs 



Protection reiiorei) 



Sow try to alter location 7400. 



ADR 



A 


<f 


1 
d r 










7 


4 

i 



EXA 



T- 
7 

1 


4 1 ' 






1 1 
2 



CLR 





u 


1 

r 

i 





E 


r r r 

1 



When you try lo clear 7400 
you get a flashing prror 



EXA 



P C 



Ciirrem PC sliown on 
lower LEDs. 



Now in regisier mode. 



Appendix C for more information on error messages. 
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3.13 KEYPAD COMMAND SUMMARY 

OPERATION PRESS ENTER 



PRESS ENTER REFERENCE 







LOCATION ADDRESS 




NEW CONTENTS 




ALTER MEMORY 


ADR 


EXA 


3.6 












REG 


REGISTER NUMBER 




NEW CONTENTS 




ALTER REGISTER 


EXA 


3.4 










FNC 











CANCEL BREAKPOINTS 


EXA 


3.12.1 












LOCATION ADDRESS 








EXAMINE MEMORY 


ADR 


EXA 


3.5 














REGISTER NUMBER 








EXAMINE REGISTER 


REG 


3.3 




















EXECUTE PROGRAM 


GO 


3.7 












1 


EXA 






GO WITH LEDs 


FNC 


3.12.2 












4 








RELEASE PROTECTION 


FNC 


EXA 


3.12.5 














3 








SET BAUD RATES 


FNC 


EXA 


3.12.4 














BREAKPOINT ADDRESS 








SET BREAKPOINT 


BPT 


3.8.2 
















WATCHPOINT 
ADDRESS 




SETWATCHPOINT 


BPT 


BAG 


3,8.3 






















SINGLE STEP 


SSI 


3.8.1 












2 








START CONSOLE 


FNC 


EXA 


3.12.3 
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CHAPTER 4 
CONSOLE OPERATION 

4.1 INTRODUCTION 

This chapter explains how to operate the DCTl 1-EM using a console terminal. Using a console terminal 
simplifies program development because it gives you access to the DCTll-EM's symbolic assem- 
bler/disassembler. In addition, a console terminal allows you to perform several functions not accessible 
with the keypad, such as the ability to load programs from a host computer. 

When you complete this chapter, you will be able to use a console terminal to: 

• Examine and alter the contents of registers in the DCTl 1-AA register file 

• Examine and alter the contents of memory locations 

• Enter and execute programs 

• Debug your programs through the use of single steps, breakpoints, and watchpoints 

• Load programs from a host computer 

• Perform a variety of other console functions. 

You can connect an RS232-C compatible console terminal to your DCTl 1-EM as shown in Figure 4-1. 



STANDARD 25-PIISI CONNECTOR AND CABLE 



J4 






o 


DDODD 
DDDDD 
DDDDD 
DDDDD 




o 












DCTl 1-EM 



Figure 4-1 Connecting a Console Terminal to the DCTl 1-EM 



No Other wiring or jumpering is required. Use the DCTl 1-EM keypad to set the correct baud rate by 
activating function 3 (see Paragraph 3.12.4). Also, make sure your console terminal is set up to transmit 
and receive characters in the following format: asynchronous, ASCII, 8 bits (eighth bit is always space), no 
parity, one stop bit. 
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Then activate function 2 as described in Paragraph 3.12.3. The terminal displays: 

TEM CONSOLE MONITOR Vl.O 
TEM> 

and the console monitor is ready to accept your input. 

The following default conditions arc set when the console monitor is started: 

1. The stack pointer is set to 6500 

2. The PASS2, NOHOST, INSTRU, SYMBOL, and VTOFF operating modes are set. 

More information about the stack pointer is given in Paragraph 5.2.1 . The operating modes are described 
in detail elsewhere in this chapter and are summarized in Paragraph 4.18, 

4.2 TRANSFERRING CONTROL BETWEEN THE CONSOLE TERMINAL AND THE KEYPAD 

Either the console or the keypad can control the DCTl 1-EM, but not both at the same time. 

From the keypad, your primary means of transferring control to the console is by activating function 2 
(see Paragraph 3.1 2.3), You can regain keypad control by pressing the HALT switch. When you press the 
HALT switch, DCTl l-EM operation is stopped and the LEDs display the current PC. 

From the console, you can transfer control back to the keypad by typing in the EXIT command or by 
executing a HALT instruction. 

4.3 GENERAL RULES FOR CONSOLE INPLT 

Information you input via the console terminal is typically in the form of commands, instructions, or data. 

In general, your input should conform with the following guidelines. 

1. Your input line must not exceed 96 characters in length. If you exceed this limit, the console 
terminal does not accept further input until you type in a CTRL/C or CTRL/Y. Then, you 
must reinput the line. 

2. Any number of commands and instructions can be strung together on a line as long as the line 
docs not exceed 96 characters. 

3. Commands or instructions strung together on a line should be separated with a space or a 
comma. Extra separation characters (space, tab, line feed, form feed) between commands or 
instructions on a line are ignored. 

4. If a command or an instruction in a one-line string causes an error, the commands or instruc- 
tions following it are ignored. 

5. Extra separation characters (space, tab, line feed, form feed) inserted between parts of a 
command or instruction are ignored. 

6. Information preceded by a semicolon on a line is interpreted as a comment and is ignored by the 
OCT 11 -EM. 
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7. Pressing the DELETE key deletes characters on a Une. As characters are deleted, they are 
echoed (preceded by a slash character) on the console terminal if you are in VTOFF mode. The 
console monitor defaults to VTOFF mode when it is started or restarted. Type in the VTON 
command if you are using a video terminal as a console device. VTON mode eliminates the 
echoing of deleted characters. Typing in VTOFF returns you to VTOFF mode from VTON 
mode. 

8. A line is terminated by pressing the RETURN key. Characters on a line are ignored until you 
press RETURN. In all the examples in this chapter, a RETURN is used to end your input line 
unless otherwise noted. 

A summary of the various forms of acceptable console input is given in Paragraph 4. 18. Information about 
specific commands and instruction formats is given elsewhere in this chapter. 

4.4 CONSOLE CONTROL COMMANDS 

The OCT 11 -EM recognizes several control commands that allow you to easily perform a variety of 
operations from the console terminal. These commands and their typical uses are listed in Table 4-1. 

Table 4-1 Control Command Summary 



Command 



Meaning 



Typical Use 



CTRL/U 
CTRL/X 


Delete line. 


CTRL/R 


Display line. 


CTRI7S 


Suspend execution. 


CTRL/Q 


Resume execution. 


C~rRL/C 
CTRL/Y 


Abort operation. 


CTRL/0 


ignore host message 


CTRL/A 


Select option. 



You made several typing errors in your input line. You want to cancel 
the line and try again. 



You used the DELETF, key several times while typing your input line. 
You want to see a clean version of the line you are editing. 

You want to suspend the operation of the console monitor or the 
execution of a currently running program. 

You have previously used the CTRL/S command and want to resume 
operation. 

You want to abort the current operation of the DCTI l-LM and input 
a new line. 



You arc in HOST mode (see Paragraph 4.17.1) and want to ignore 
information currently being sent by your host computer. 

You arc in TALK or LOAD modes (see Paragraphs 4. 1 7.3 and 4.! 7.4) 
and want to select one of these four options: exit, resume, send break, 
send CTRiVA. 



AS EXPRESSIONS 

Several commands and instructions accept expressions as parameters. This paragraph familiarizes you with 
expressions and provides the rules for their definition. 

If you wish to ignore the use of expressions for the moment, you can advance to the paragraph that 
describes the command or function you are interested in. You can return to this paragraph when you need 
»ore detail on how to define an expression for a particular command or instruction. 
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An expression is simply a user-definabie combination of one or more components cailed terms that 
represents a 16-bit number. There are three types of terms allowable in a DCTl 1-EM expression: 

• Numeric 

• Literal 

• Symbolic 

Numeric terms are either octal or decimal numbers. Octal numbers can be any sequence of the digits 
through 7. Decimal numbers can be any sequence of the digits through 9 followed by a decimal point (.)■ 
Do not attempt to define decimal fractions. 

Examples of Numeric Terms 

100702 

377 
39874. 

A literal term is an ASCII character you use as data. Precede an ASCII character with an apostrophe (') to 
form a literal term. 

Examples of Literal Terms 

'E 

M 

Symbolic terms are values symbolized by names which are defined according to the rules in Paragraph 
4.13. 

Examples of Symbolic Terms 

R] 

PSPORC 

SUM 

Terms are joined together in an expression by binary operators. (The word binary in this case means that 
at least two terms are involved.) The DCTl 1-EM allows six types of binary operators: 

+ (addition) 
- (subtraction) 

• (multiplication) 
/ (division) 

& (logical AND) 
! (logical OR) 

The unary (one term) operators, + (plus sign) and - (minus sign), can only be used at the beginning of an 
expression (or parenthesized term). Multiple unary operators are not valid. 

Expressions are evaluated from left to right with no operator hierarchy rules. Two types of brackets can be 
used to nest expressions up to seven levels deep. Use angle brackets (< >) as you would arithmetic 
parentheses and use square brackets ([J) if you want the DCTl 1 -EM to substitute the enclosed information 
with the contents of the memory word it addresses. Note that if the information in square brackets 
represents an odd address, it is first rounded down. 



4-4 



A quick way to evaluate the octal value of an expression is to type in the expression followed by a question 
mark. This command has the form: 

expression? 

Expressions - Examples 

The following are examples of valid DCTII-EM expressions. You can verify the octal values of these 
expressions by using the question mark command. 



Expression 


Octal Value 


65209 


177271 


7077+1 89.+'E 


007501 


-2*<300/25>+70 


000046 


I20.*<-8.> 


176100 


177777&25+3 


000030 



4.6 EXAMINING REGISTERS 

There are two ways to examine registers. One way is to type in the appropriate register symbol followed by 
a question mark. This command has the general format: 

register symbol? 

where the register symbol (RO, Rl, etc.) is as defined in Paragraph 4.13.1. 

Another way to examine registers is to type in the SHOWRE command. The SHOWRE command 
displays the values of all the registers and the PS in ascending order. If a watchpoint has been set, it is also 
displayed. Paragraph 4.14.1, which describes program debugging, gives you an illustration of the 
SHOWRE command. 

4.7 ALTERING REGISTERS 

Registers are altered by using an equal sign to set the register to the desired value. The general format for 
this is: 

register symboi=expression 

where the register symbol (RO, Rl, etc.) is as defined in Paragraph 4.13.1 and the register is set to the 
value of the expression. (See Paragraph 4.5 for expression formats and conventions.) 

Altering Registers - Example 

Alter and examine the values of RO and the SP. 

TEM> R0=65. 
TEM> SP=6500 
TEM> RO? SP? 
000101 
006500 
TEM> 

4.8 EXAMINING AND ALTERING MEMORY LOCATIONS -INTRODUCTORY CONCEPTS 

There are several ways to examine and alter memory locations. Before discussing the specific techniques, 
there are some introductory concepts you should be familiar with. 
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4.8.1 The Address Pointer 

The address pointer specifies your current open location, i.e., the address of the location currently 
available to you for alteration, it is important to keep track of the address pointer because it determines 
where in memory you deposit information. As you will discover later, most commands which alter and 
examine memory locations are closely linked to the value of the address pointer. This paragraph gives an 
overview of how the address pointer can be affected. 

Since the DCTl 1-EM recognizes a period (.) as the symbol for the address pointer, you can manipulate the 
value of the address pointer just as you would any other symbol (see Paragraph 4.13.2). For example, to 
set the value of the address pointer use an equal sign: 

.=expression 

where the value of the address pointer is determined by the expression (see Paragraph 4.5). To determine 
the current value of the address pointer, use a question mark: 



Another way to set the address pointer is to use the backslash (\) character. The general format for a 
backslash command is: 

expression\ 

where the value of the address pointer is determined by the expression. This command also displays the 
memory location specified by the expression (see Paragraph 4.9). 

There are two other commands which affect the address pointer. These commands are the caret {^) 
command and the RETURN (or null line input) command. The effects of these commands depend upon 
which output format mode the iX^Tl 1-EM is in (see Paragraph 4.8.2). A description of their effects is 
given in Paragraphs 4.9 and 4.10. 

When you type in a program, the DCTl 1-EM automatically increments the address pointer for each 
instruction or data object you input. Note that whenever you power up, the address pointer is initialized to 
zero. 

Do not confuse the address pointer with the PC (program counter). They are unrelated. As you type in a 
program, the address pointer is incremented, but the PC is unaffected. And the execution of a program 
will affect the PC but not necessarily the address pointer. 

4.8.2 Output Formatting Modes 

When you examine memory locations, the values the DCTl i-EM displays on the console depend upon 
your current output formatting mode. There are five output formatting modes: INSTRU, WORD, BYTE, 
SYMBOL, and ABSOLU. 

The INSTRU (or instruction disassembly) mode causes memory locations to be displayed as disassembled 
DCTl 1-AA instructions. INSTRU is one of the modes that the DCTl 1-EM is initalized to when you 
power up. 
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The WORD and BYTE modes cause memory locations to be displayed octaHy. Set the WORD mode (by 
typing in the WORD command) if you want the values of memory locations to be displayed as 16-bit 
words. Set the BYTE mode (by typing in the BYTE command) if you want the values of memory 
locations to be displayed as individual bytes. If you are in WORD or BYTE mode, type in the INSTRU 
command to return to instruction disassembly mode. Notice thai the INSTRU, WORD, and BYTE 
commands are mutually exclusive. To summarize: 

Mode Memory Locations Are Displayed As 

INSTRU Disassembled DCTll-AA instructions 

BYTE 8-bit octal bytes 

WORD 16-bit octal words 

Odd addresses (i.e., upper bytes) can only be examined in BYTE mode. If you try to examine an odd 
address in INSTRU or WORD mode, an error message results. 

The SYMBOL and ABSOLU modes determine how the symbols you have defined in your program are to 
be displayed. You will usually use SYMBOL and ABSOLU in conjunction with instruction disassembly 
(INSTRU) mode. 

If your program contains user-defined symbols (see Paragraph 4.13). these symbols will be displayed only 
if you are in SYMBOL mode. SYMBOL is one of the modes the DCTl 1-EM is initialized to when you 
power up. 

If you want user-defined symbols to be displayed as octal values, type in the ABSOLU command to set the 
ABSOLU mode. Typing in SYMBOL restores the SYMBOL mode. Note that SYMBOL and ABSOLU 
are mutually exclusive. To summarize: 

Mode User-Defined Symbols Are Displayed As 

SYMBOL Symbols 

ABSOLU Octal values 

4.9 EXAMINING MEMORY LOCATIONS 

This paragraph summarizes the commands with which you can examine memory locations. The examples 
in this paragraph are intended to give you a general idea of what to expect when you use these commands 
in different output formatting modes. 

One way to examine a memory location is to type in the desired memory location followed by a backslash. 
The general format for this command is: 

exprcssion\ 

where the memory location you examine is determined by the value of the expression (see Paragraph 4.5). 
The backslash command also sets the address pointer, so a location examined with a backslash becomes 
the current open location. 
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Examining Memory Locations - Example 1 

Use the backslash command to examine a memory location. Try this in different output formatting modes. 
You have not altered any memory locations from their initial (power-up) values. 

TEM> WORD 
TEM> 2000\ 
002000: 000000 
TEM> !00\ 
OOOIOO; 135676 
TEM> BYTE 
TEM> 100\ 
OOOIOO: 276 
TEM> INSTRU 
TEM> 140000\ 
140000: JMP 155334 
140004: 
TEM> 

Examining Memory Locations - Example 2 

You use the backslash command to try to examine location 1001 without first typing in the BYTE 
command. This causes an error message to be generated. 

TEM> INSTRU 
TEM> 100l\ 
001001: 

\\\ 

ODD ADDRESS 

TEM> 

Another way to examine memory locations is to simply press the RETURN key. When you press the 
RETURN key as a command input, the result depends on both your output formatting mode and the 
value of the address pointer. If you are in INSTRU mode, RETURN displays the next eight instructions 
relative to the address pointer. In WORD mode, the contents of the next eight words relative to the 
address pointer are displayed. In BYTE mode, the contents of the next eight bytes relative to the address 
pointer are displayed. Note that the RETURN command is ignored when you are loading a program from 
a host computer (see Paragraph 4. 1 7). 
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Examining Memory Locations - Example 3 

You want to examine memory locations by pressing the RETURN key. You have not altered these 
locations since you have powered up. Start with location 1000. 



TEM> 
TEM> 

001000 

001002 

TEM> 

001000 

001002 

001004 

001006 

001010 

001012 

001014 

001016 

001020 

TEM> 

TEM> 

001000 

TEM> 

001020 

TEM> 

TEM> 

001020: 

TEM> 

001030: 

TEM> 



INSTRU 
1000\ 
: HALT 



: HALT 
: HALT 
: HALT 
: HALT 
: HALT 
: HALT 
: HALT 
: HALT 

WORD 

: 000000 

: 000000 
BYTE 

; 000 

: 000 



000000 000000 000000 000000 000000 000000 000000 
000000 000000 000000 000000 000000 000000 000000 



000 
000 



000 
000 



000 
000 



000 
000 



000 
000 



000 
000 



000 
000 



A one-line string of bytes or words is numbered from left to right. 

Note that consecutive RETURN keypresses increment the address pointer but nonconsecutive ones do 
not. For example, in WORD mode you incremented the address pointer from 1000 to 1020 by pressing 
RETURN twice in a row. In BYTE mode you incremented the address pointer from 1020 to 1030 by 
pressing RETURN twice in a row. Pressing RETURN only once {as you did in INSTRU mode) had no 
effect on the address pointer. 

A way to examine a range of memory locations is to use the underscore ( ) character. The general format 

for this command is: 

expression 1 expression2 

• here the beginning of the range is determined by the value of expression 1 and the end of the range is 
determined by the value of expression2. See Paragraph 4.5 for expression formats. 

Expression 1 should be less than expression2. If it is not, only one location is displayed: the beginning of 
range location. 

The use of the underscore command has no effect on the address pointer. 
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Examining Memory Locations - Example 4 

You want to examine groups of memory locations by using the underscore command. Try this command 
in INSTRU, WORD, and BYTE modes. These memory locations have not been altered since you have 
powered up. 

TEM> INSTRU 

TEM> 2000\ 

002000: HALT 

002002: 

TEM> 1004_I012 

001004: HALT 

001006: HALT 

001010: HALT 

001012: HALT 

001014: 

TEM> WORD 

TEM> 1002—1006 

001002: 000000 000000 000000 

TEM> BYTE 

TEM> 1005—1020 

001005: 000 000 000 000 000 000 000 000 

001015: 000 000 000 000 

TEM> INSTRU 

TEM> 

002000: HALT 

002002: HALT 

002004: HALT 

002006: HALT 

002010: HALT 

002012: HALT 

002014: HALT 

002016: HALT 

002020: 

TEM> 

Notice that the address pointer value of 2000 which was set at the beginning of the example is still 2000 at 
the end of the example. 

4.10 ALTERING MEMORY LOCATIONS 

You can deposit data into a memory location by setting the address pointer to the address of the location 
you wish to alter and typing in the information. The address pointer is automatically incremented as you 
deposit instructions and data to consecutive memory locations (as when you type in a program, for 
example). 

If you make an error during data entry, you can use the caret {^) command to decrement the address 
pointer and retype the input line. In INSTRU and WORD modes, the address pointer is decremented by 
one word for each caret command, and in BYTE mode it is decremented by one byte for each caret 
command. 
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Altering Memory Locations - Example 1 

You type in a short program starting at address 1000. You make an error while typing in the program and 
use the caret {^) command to help you correct the error. You then examine the program. The program 
adds Rl to R2 and places the result in R3. The final line restarts the console monitor so that you will get a 
TEM> prompt after you execute the program. 



TEM> INSTRU 

TEM> .=1000 

TEM> MOV R1,R3 

TEM> ADD R2,R4 

TEM> A 

TEM> ADD R2,R3 

TEM> JMP ©#140010 

TEM> 1000\ 

001000: MOV 

001002: 

TEM> 

001000: MOV 

001002: ADD 

001004: JMP 

001010: HALT 

001012: HALT 

001014: HALT 

001016: HALT 

001020: 

001022: 

TEM> 



R1,R3 



R1,R3 
R2,R3 

@#140010 



Comments 



;you really wanted to type ADD R2,R3 
;decrement address pointer by one word 
;type in correct line 
;continue typing in program 
;now examine your program 



Altering Memory Locations - Example 2 

You type in some data starting at location 2000. You type several values on a line, remembering to include 
separation characters (in this case, spaces) between them. You then examine the data you have typed in. 



TEM> =2000 
TEM> 12 3 4 
TEM> .? 
002010 

TEM> .=2000 
TEM> WORD 

TEM> +10 

002000: 000001 
TEM> 



000002 000003 



Comments 

;type in four data values 

;the address pointer is incremented 

;reinitialize the address pointer 

;examine the data 
000004 000000 



4.11 INSTRUCTION FORMAT 

This paragraph provides some guidelines for formatting instructions for input to the DOT 11 -EM. A 
complete description of the instruction set is found in the DCTU-AA User's Guide (EK-DCTH-UG). 

An acceptable instruction consists of the instruction mnemonic followed by the appropriate siring of 
operands (if any). A separation character (space, tab, feed) must be used to separate a mnemonic from its 
first operand (if any). A comma must appear between two operands in a two-operand instruction. 

Expressions can be used as operands, if desired. Refer to Paragraph 4.5 for expression formats. 
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If you wish, you may enter your instructions in octal format, rather than in assembly language format. 
Refer to Chapter 6 of the DCTll-AA User's Guide for information on constructing octal equivalents of 
instructions. 

4.12 TYPING IN A PROGRAM 

Set the address pointer to 2000 and type in the summation program from Paragraph 3.8 as shown below. 

TEM> .=2000 
TEM> CLR RI 
TEM> CMP R0,R1 
TEM> BLE 2034 
TEM> CLR ©#2044 
TEM> MOV R0,@#2044 
TEM> DEC RO 
TEM> ADD R0,@#2044 
TEM> BVS 2036 
TEM>CMPR0,R1 
TEM> BGT 2016 
TEM> HALT 
TEM> CLR RO 
TEM> CLR @#2044 
TEM> HALT 
TEM> 

Now verify you have typed in the program correctly by setting the address pointer to 2000 and repeatedly 
pressing the RETURN key. If you are in INSTRU mode, the following will be displayed. 



TEM> .=2000 




TEM> 




002000: CLR 


Rl 


002002: CMP 


R0,R1 


002004; BLE 


002034 


002006: CLR 


©#002044 


002012: MOV 


R0,@#002044 


002016: DEC 


RO 


002020: ADD 


R0,@#002044 


002024: BVS 


002036 


002026: 




TEM> 




002026: CMP 


R0,R1 


002030; BGT 


002016 


002032: HALT 




002034: CLR 


RO 


002036: CLR 


©#002044 


002042: HALT 




002044: HALT 




002046; HALT 




002050; 




TEM> 





The address pointer is automatically incremented each time you type in an instruction. 
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>ou may want to use symbolic names to represent values such as 2044 (the location of the accumulated 
i»rnl to increase the readabihty of the program. The next few paragraphs tell you how to define and 
op-inipulate symbols. 

If \ou want to execute the program and learn how to use the DCTl l-EM's console debugging facilities, 
*rf\-ance to Paragraph 4.14. 

4.13 USING SYMBOLS 

Tbc DCTl I -EM allows you to define symbols in your programs. This paragraph describes the formats 
required for DCTU-EM symbols and explains the use of the commands which allow you to define and 
manipulate symbols. 

4.13.1 Symbol Names 

Tbc following characters may be used in symbol names. 

A through Z 
through 9 
. (Period) 
$ (Dollar sign) 

A symbol name must not begin with through 9, however. 

A symbol name may have any length; however, only the first six characters are stored by the DCTl 1-EM. 
Thus, to avoid ambiguities, make the first six characters of your symbol names unique. 

The following predefined symbol names are reserved. 



RO 


Register 


Rl 


Register 1 


R2 


Register 2 


R3 


Register 3 


R4 


Register 4 


R5 


Register 5 


SP 


Stack pointer (register 6) 


PC 


Program counter (register 7) 


PS 


Processor status word 


WP 


Watchpoint address 




Address pointer 


Bl 


Breakpoint 1 


B2 


Breakpoint 2 


83 


Breakpoint 3 


B4 


Breakpoint 4 



These predefined symbols must not be used as user-defined symbol names, although they can be used as 
arguments in expressions, instructions, or commands. 

DCTl l-EM directives, commands, and DCTl 1-AA instruction mnemonics (e.g., MOV, ADD, JMP) are 
also reserved and must not be used as symbol names. 
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4.13.2 Commands That Define And Manipulate Symbols 

There are two ways you can define a symbol. One way is to use the equal sign {=) to equate a symbol to a 
specific value. The general format of this is: 

symbol=expression 

where the value of the symbol is determined by the expression. 

The other way of defining a symbol is to use a colon (:). The colon defines a symbol as the label of the 
current address. The general format of this is: 

symbol: 

where the value of the symbol is defined as the value of the address pointer. 

Once you have defined a symbol, you cannot redefine it unless you first delete it. Symbol deletion is 
accomplished with the DELETE command. This command has the general format: 

DELETE symbol 

where the name of the symbol you wish to delete follows the command. The DELETE command causes 
the DCTl 1-EM to display the symbol and its value as it performs the deletion. 

Predefined symbols (see Paragraph 4.13.1) cannot be deleted with the DELETE command. Predefined 
symbols can be redefined, however, by using the equal sign. 

When you define a symbol, it is stored in an area called the user symbol table. There is sufficient space in 
the user symbol table to store up to 66 symbols. If you try to define more than 66 symbols, you will cause 
an error message to be generated. 

If you want to display your user symbol table, type in the SHOWSY command. The symbols are displayed 
in the order in which you defined them, starting with the most recently defined symbol. 

If you want to delete your entire symbol table, type in the CLEAR command. The CLEAR command is 
typically used at the beginning of a long program or a program you are loading in from a host computer 
(see Paragraph 4. 1 7). CLEAR gives the program plenty of room in the symbol table for symbols and 
avoids conflicts between symbol names in the program and any symbol names you may have previously 
defined. 

If you want to display the value of an individual symbol, type in the symbol followed by a question mark 
(?). The general format for this is: 

symbol? 
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Defining and Manipulating Symbols - Example 1 

You set the address pointer to 1000 and define the symbols FIRST, SECOND, and THIRD. You 
experiment with displaying and deleting these symbols. 

TEM> CLEAR 

TEM> ,=1000 

TEM> FIRST: 

TEM> SECOND=FIRST+100 

TEM> THIRD=SECOND+300 

TEM> SHOWSY 

THIRD = 001400 

SECOND= 001 100 

FIRST = 001000 

TEM> DELETE FIRST 

FIRST = 001000 

TEM> SHOWSY 

THIRD = 001400 

SECOND=001]00 

TEM> CLEAR 

TEM> SHOWSY 

TEM> 

SECOND is set equal to 1 100 because FIRST equals 1000 at the time of definition. If you delete FIRST 
after you delete SECOND SECOND will be unaffected. 

4.14 EXECUTING AND DEBUGGING PROGRAMS 

Refer to the summation program you typed in (Paragraph 4.12). You will make some minor changes to 
this program and use the DCTl 1-EM's debugging facilities to observe its operation. 

First, replace memory location numbers with symbolic names (see Paragraph 4.13). 

TEM> ILLIN=2034 
TEM> SUM=2044 
TEM> OVFLO=2036 
TEM> LOOP=2016 
TEM> 

Instead of having the program HALT when it completes execution (which returns control to the keypad), 
\ou want it to restart the console monitor and give you a TEM> prompt. You do this by placing a JMP 
(1*140010 instruction at location 2032 which restarts the console monitor when executed. 

TEM> .=2032 
TEM> JMP ©#140010 
TEM> 

Now set your initial conditions as follows. 

TEM> R0=100 
TEM> PC=2000 
TEM> SP=6500 
TEM> 
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Then execute the program by typing in the GO command. 

TEM> GO 
TEM> 

To check the result, examine SUM. 

TEM> SUM\ 
SUM : 004040 
TEM> 

This is the correct sum in octal of the numbers from to 100 (octal). 

4.14.1 Using The Watchpoint 

The DCTl 1-EM recognizes WP as the symbol for the watchpoint. Set the watchpoint address by using the 
equal sign command. The general format for this is: 

WP=expression 

where the watchpoint address is determined by the value of the expression. 

For example, to monitor the accumulated sum in your program, set your watchpoint at the location SUM. 

TEM>WP=SLM 
TEM> 

Now reset your initial conditions (set R0=100) and execute the program. After you receive the TEM> 
prompt, use the SHOWRE command to examine your registers. 

TEM> SHOWRE 



RO 


= 000000 


Rl 


= 000000 


R2 


= 000000 


R3 


= 000000 


R4 


= 000000 


R5 


= 000000 


SP 


= 006500 


PC 


= 002000 


PS 


= 000004 


SUM 


: 004040 


TEM> 





Notice your watchpoint appears as well. Another way to examine the watchpoint is to use the question 
mark command. WP? displays numerically the watchpoint address. [WP]? displays numerically the 
watchpoint contents. 

TEM> WP? 

002044 
TEM> [WP]? 
004040 
TEM> 

The watchpoint can be cleared by setting it to zero or by typing in the CANCEL command, which not 
only clears the watchpoint but the breakpoints as well. 
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4.14.2 Using the Single-Step Function 

Single stepping is accomplished by typing in the STEP command. STEP executes the instruction at the 
current PC and displays: (1) the new values of your registers and watchpoint, and (2) the next instruction 
10 be executed. 

To experiment with the STEP command, reset the initial conditions for your program (set R0=]00) and 
lype in STEP. You can then continue single stepping by repeatedly pressing the RETURN key. 



TEM> STEP 


RO 


= 000100 


Rl 


= 000000 


R2 


= 000000 


R3 


'- 000000 


R4 


= 000000 


R5 


■- 000000 


SP 


-- 006500 


PC 


= 002002 


PS 


- 000024 


SUM 


004040 


002002 


CMP R0,R1 


002004 




TEM> 




RO 


000100 


Rl 


000000 


R2 = 


000000 


R3 


000000 


R4 


000000 


R5 


000000 


SP 


006500 


PC = 


002004 


PS 


000020 


SUM 


004040 


002004 


BLE ILLIN 


002006 




TEM> 




RO = 


000100 


Rl 


000000 


R2 


000000 


R3 


000000 


R4 


000000 


R5 


000000 


SP 


006500 


PC = 


002006 


PS = 


000020 


SUM 


004040 


002006 


CLR @#SUM 


002012 




TEM> 




RO 


000100 


Rl 


000000 


R2 


000000 


R3 


000000 


R4 


000000 


R5 


000000 
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SP 


= 006500 


PC = 


-002012 


PS 


- 000024 


SUM 


000000 


002012 


MOV RO,@#SUM 


LOOP 




TEM> 




RO 


-000100 


Rl 


000000 


R2 


000000 


R3 


000000 


R4 


000000 


R5 


000000 


SP 


006500 


PC = 


LOOP 


PS 


000020 


SUM 


000100 


LOOP 


DEC RO 


002020 




TEM> 




RO 


000077 


Rl 


000000 


R2 


000000 


R3 


000000 


R4 


000000 


R5 


000000 


SP 


006500 


PC = 


002020 


PS 


000020 


SUM 


000 I 00 


002020 


ADD R0,@#SUM 


002024 




TEM> 




RO = 


000077 


Rl 


000000 


R2 


000000 


R3 


000000 


R4 


000000 


R5 


000000 


SP 


006500 


PC = 


002024 


PS 


000020 


SUM 


000177 


002024 


BVS OVFLO 


002026 




TEM> 





The program is functioning properly; RO is getting decremented and added to SUM. 
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4.14.3 Using Breakpoints 

The use of breakpoints with a console terminal is similar to the use of breakpoints with the keypad (see 
Paragraph 3.8.2). 

The DCTl 1-EM recognizes Bl, B2, B3, and B4 as the symbols for the four breakpoints. Set a breakpoint 
b> using the equal sign command. The general format for this is; 

breakpoint symboI=expression 

•here the breakpoint is determined by the value of the expression. 

Fof example, to set breakpoints at locations 2020 and 2024 in the summation program (as you did with the 
ke>pad), type in: 

TEM> Bl=2020 
TEM> B2=2024 
TEM> 

Now reset your initial conditions (set R0=100, PC=2000) and execute the program. 

TEM> GO 

BREAK POINT ENCOUNTERED 

002020: ADD RO,@#SUM 

002024: 

TEM> 

You get a message which indicates that your first breakpoint (Bl) was encountered by the console monitor. 
To determine the current state of your program, type in the SHOWRE command. 

TEM> SHOWRE 
RO = 000077 
Rl =000000 
R2 -000000 
R3 =000000 
R4 =000000 
R5 = 000000 
SP =006500 
PC = 002020 
PS = 000000 
SUM : 000100 
TEM> 
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You see that RO has been correctly decremented. When you type in GO again: 

TEM> GO 

BREAK POINT ENCOUNTERED 

002024: BVS OVFLO 

002026: 

TEM> 

the console message appears (this time because of B2), and you again examine the state of your program. 

TEM> SHOWRE 

RO = 000077 
Rl =000000 
R2 = 000000 
R3 = 000000 
R4 = 000000 
R5 = 000000 
SP = 006500 
PC = 002024 
PS = 000000 
SUM : 000177 
TEM> 

You see that the first addition was performed correctly. You can continue to observe the operation of the 
program by typing in the GO and SHOWRE sequence as just shown. 

To examine a breakpoint, type in Bl?, B2?, B3?, or B4?. Breakpoints can be cleared by setting them to 
zero or by typing in the CANCEL command, which not only clears the breakpoints but the watchpoint as 

well. 

4.15 DOT 11 -EM DIRECTIVES 

As a convenience for users who are familiar with assemblers (and in particular the PDP-1 1 MACRO- 1 1 
assembler), the DCTl 1-EM recognizes several directives which are similar to those used in the MACRO- 
1 1 language. These directives are listed in Table 4-2 with a brief explanation of their operation. For 
detailed information about how to use these directives in your programs, refer to the PDP-I I MACRO-1 1 
Language Reference Manual (AA-5075A-TC). 
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Table 4-2 DCTIl-EM Directives 



Directive Form 



Operation 



\SCil /string/ 



BLKBexpr 
BLKW expr 

e>"TE expr], expr2. 



»ORDexprl. expr2. 



Generates a block of data containing the ASCII equivalent of the character string 
(enclosed in delimiting characters), one character per byte. The delimiting characters can 
be slashes or any other visible character. The ASCII code for each character is stored in 
successive byles of memory starting at the location indicated by the current address 
pointer. The address pointer is advanced by the length (in characters) of the enclosed 
string- 
Reserves a block of storage space whose length in bytes is determined by the specified 
expression. The current address pointer is advanced by the value of the expression. 

Reserves a block of storage space whose length in words is determined by the specified 
expression. The current address pointer is advanced by two times the value of the 
expression. 

Generates successive bytes of data: each byte contains the value of the corresponding 
specified expression. The lower eight bits of each expression are stored in successive bytes 
of memory, starting at the location indicated by the current address pointer. The address 
pointer is advanced by the number of expressions given. The last expression must not be 
followed by a comma. 

Ensures that the current address pointer contains an even address by adding 1 if it is odd. 

Generates successive words of data; each word contains the value of the corresponding 
specified expression. The value of each expression is stored in successive words of memory 
starting at the location indicated by the current address pointer. The address pointer is 
advanced by two times the number of expressions given. The last expression mu.st not be 
followed by a comma. 



4.16 MISCELLANEOUS CONSOLE FUNCTIONS 

The DCTl 1-EM has a HELP facility which displays all the commands available to you. To invoke this 
Ijcility, type in HELP. 

You can display the current operating modes of the DCTl 1-EM by typing in the SHOWMO command. 
When you first power up, typing in the SHOWMO command displays the default operating modes: 

PASS2 NOHOST INSTRU SYMBOL VTOFF 

TV operating modes that can be displayed are: PASSI. PASS2, HOST, NOHOST, INSTRU, WORD, 
t>TE, SYMBOL, ABSOLU, VTON, and VTOFF. See the command summary in Paragraph 4.18 for 
fcncf descriptions of these modes. The command summary also contains references to paragraphs that 
cipUin the modes in detail. 

TV DCTl 1-EM has a REPEAT function which allows you to repeatedly input a line of commands or 
■Biaictions. The form of this command is: 

REPEAT expression,input line 
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where the input line is executed the number of times specified by the value of the expression. One 
application of the REPEAT command is to fiii memory. For example, the REPEAT 1000,NOP com- 
mand will fill 1000 (octal) locations with NOP instructions. The REPEAT command also lets you single 
step without having to press the RETURN key repeatedly (see Paragraph 4.14.2). The REPEAT 7, STEP 
command, for example, single steps through your program seven times. 

Repeat Command - Example 

A third application of the REPEAT command is to move blocks of memory. You must specify the 
beginning and ending addresses of the range to be moved (the source range) and the beginning address of 
the destination range. The general format for a command sequence which moves a block of memory is: 

TEM> .=destination 

TEM> REPEAT <end-start>/2+l,i.+start-destination] 

where start and end are the beginning and ending addresses (respectively) of the source range, and 
destination is the beginning address of the destination range. Both ranges must begin at even addresses, 
and only words of memory can be transferred. 

For example, if you want to move the contents of locations iOOO through 1010 to 2030 through 2040, type 
in the following. 

TEM> .=2030 

TEM> REPEAT <1010-1000>/2+l,[.+1000-2030] 

4.17 LOADING THE DCTII-EM FROM A HOST COMPUTER 

This paragraph describes how to load information (usually a program) from a host computer into your 
DCTl 1-EM. Two broad areas are covered. First, you are familiarized with the console monitor commands 
that initiate and control the host loading process. Second, you are shown how to prepare a DCTl )-EM 
loadable program on your host. 

4.17.1 Configuring the DCTU-EM for Host Loading 

Since host loading is accomplished through the use of console monitor commands, you must have your 
DCTl 1-EM connected to a console terminal. 

Your host computer must have a serial communication line capable of sending data to the DCTl 1-EM in 
ASCII text format. Connect the serial line from the host to the DCTl 1-EM auxiliary serial port connector 
(J3) as shown in Figure 4-2. 

STANDARD 25-PIN CONNECTOR AND CABLE 







QDDan 

DDDDD 
DDDDD 

DDDDD 








VT100 



DCTl 1-EM 



M" lozsa 



Figure 4-2 Connecting a Host Computer to the DCTl I -EM 
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No other wiring or jumpering is required. Set the baud rate of your console terminal equal to the baud rate 
of your host line. IJse the DCTll-EM keypad to set the same baud rate for the console serial port by 
activating function 3 as described in Paragraph 3.12.4. Also make sure you are set up to transmit and 
receive characters in the following format: asynchronous, ASCII, 8 bits (eighth bit is always space), no 
parity, one stop bit. 

You need not set the baud rate of the auxiliary serial port. When you communicate with a host, the 
DCTl 1-EM automatically sets the baud rate of the auxiliary serial port equal to the baud rale of the 
console serial port. 

Activate function 2 as described in Paragraph 3,12.3 to start the console monitor. When the console 
displays a prompt, type in: 

TEM> HOST 

The HOST command places you in HOST mode and is a prerequisite for performing any operation with a 
host computer. 

HOST mode only allows you to receive messages from the host. If you want to communicate directly with 
the host, use the TALK command in addition to HOST. If you want to load information from the host, use 
the LOAD command In addition to HOST. The TALK and LOAD commands are explained in 
Paragraphs 4.17.3 and 4.17.4. 

The NOHOST command cancels HOST mode. 

4.17.2 The HOST Command 

Typing in the HOST command has two effects: 

1. It defines the auxiliary serial port as a host communication line. 

2. It creates an input buffer to hold information received from the host. 

A HOST> prompt precedes any messages you receive from your host while in HOST mode. 

Host Mode - Example 

You are in HOST mode and you receive a message from the host before you finish typing an input line. If 
you simply continue typing the line, the console monitor restores the interrupted line and appends your 
new materia] to it. Messages from the host are ignored as console input. 



TEM> HOST 
TEM> MOV R0,R1 
TEM> MOV R 
HOST> 

This is a message from the host... 

TEM> MOV R0.R2 

TEM> 



Comments 



:You were typing MOV R0.R2 



;You type 0,R2 and the previous line is restored. 



4.17.3 The TALK Command 

Typing in the TALK command allows you to communicate directly with the host just as if the DCTI 1- 
EM were not there. It has the same effect as connecting the serial line from the host directly to your 
console terminal. 
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Typically, you might use the TALK mode to prepare a DCTI 1-EM loadable file with your host's editing 
facilities (sec Paragraph 4.17.5). 

The user LED is illuminated in TALK mode. 

There are two ways to cancel TALK mode, One way is to press the BREAK key on the console. The 
DCTI 1-EM responds: 

CONSOLE BREAK 
TEM> 

and you not only cancel TALK mode but HOST mode as well. The other way is to type in CTRL/A. The 
DCTI 1-EM responds: 

E(EX!T). R (RESUME), B (SEND BREAK), ^ A (SEND ^ A)? 

If you type in the letter E, TALK mode is canceled but HOST mode is not. 

Note that typing in CTRL/A (^A) in TALK mode gives you three other options. You can send a break or 
CTRL/A character to the host by typing in B or CTRL/A, respectively. Typing in an R or any characters 
other than E, B, or CTRL/A, causes TALK mode to be resumed. 

4.17.4 The LOAD Command 

Use the LOAD command only after you have prepared a DCTI 1-EM loadable program on your host as 
explained in Paragraph 4.17.5. 

Typing in the LOAD command allows you to communicate directly with the host just as the TALK 
command does. In LOAD mode, however, the DCTll-EM constantly monitors the characters received 
from the host and begins loading if it sees the .START directive. 

To initiate host loading while in LOAD mode, therefore, simply enter a command (which depends on the 
particular host you are using) that types out your program on the console terminal. For example, if you 
were using a VAX/VMS host, you would use TYPE PROG.TXT to type out the file PROG.TXT on your 
terminal. Since your DCTll-EM loadable program always has the .START directive as its first line, 
typing the program causes the DCTll-EM to start loading. 

NOTE 
During the loading process, the DCTll-EM accepts 
input from both serial ports simultaneously. As a 
rukf do not press keys on the console terminal dur- 
ing loading since this interferes with your host's 
input. The only exception to this rule is the use of 
the CTRL/O command (see below). 

Once loading begins, it continues until the .END directive is received or until an error in the incoming 
program is detected. In both cases, when loading stops, you are returned to HOST mode. If loading stops 
as a result of an error in your program, the portion of the program that follows the error will be displayed 
on your console terminal as a "message" from the host. 

If loading is terminated by an error in your program, you can suppress further display of the program by 
typing in the CTRL/O command. CTRL/O causes the DCTI 1-EM to ignore messages from the host until 
you press the RETURN key. If you want to terminate output from the host, enter CTRL/O followed by 
the TALK command followed by the appropriate interrupt control sequence your host recognizes (such as 
CTRL/Y or CTRL/C). 
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Note that the user LED is illuminated in LOAD mode. Also note that pressing BREAK or typing in 
CTRL/A has the same effect in LOAD mode as in TALK mode. 

4.17.5 Preparing DCTll-EM Loadable Programs on a Host 

In general, you will find it convenient to use your host's editing facilities to create programs. This is 
particularly true if the programs are long or require extensive alteration. In order to prepare a program the 
DCTll-EM will accept, keep the following in mind. 

Make sure the .START directive precedes your program. The DCTl 1-EM will not be able to load your 
program unless it first sees the .START directive. 

Next, realize that when your program is loaded into the DCTl 1-EM, the DCTl 1-EM will behave as if 
each line of your program were being entered by you directly from the console terminal. This means that 
the rules and conventions of console monitor input apply also to each line of the program you create on 
your host. The one exception is that the null line command (i.e., pressing RETURN to examine successive 
memory locations) is disabled during host loading. 

If your program contains undefined symbols or expressions (for example, a "forward reference"), prepare 
your program as two identical segments. Precede the first segment with the PASSl command and the 
second segment with the PASS2 command. The idea behind the PASSl and PASS2 commands is as 
follows. 

Normally, the DCTl 1-EM does not allow you to input undefined symbols. This mode of operation is 
called the PASS2 mode (PASS2 is one of the power-up default modes of the DCTl l-EM). The use of 
undefined symbols in your programs, however, is commonly desirable. For example, consider the following 
program segment. 

CMP#177700,RI 
BNE .+ 14 
INCR2 
CMP R2,#200 
BLO .+4 
CLRR2 
MOV R2,R3 

In this example, you are branching to a defined location (i.e., the location that contains the MOV R2,R3 
instruction), but are doing so in a cumbersome way. You need to perform a calculation for each branching 
instruction. An easier way to write this program segment would be: 

CMP#177700,R1 
BNE THERE 
INCR2 
CMP R2,#200 
BLO THERE 
CLR R2 
THERE: MOV R2,R3 

But if the DCTl 1-EM is in a mode in which it rejects undefined symbols, an error results when you try to 
input BNE THERE. 

The DCTll-EM solves this problem by having a mode of operation in which undefined symbols are 
tolerated called the PASSl mode. 
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In the PASSl mode, the DCTl 1-EM substitutes the value zero for each undefined symbol encountered in 
expressions except when the undefined symbol is the operand of a branch instruction. In that case, the 
value of the current address pointer is substituted for the value of the branch operand. If an undefined 
symbol is later defined through the use of an equal sign (=) or colon (:), the symbol is entered into the 
symbol table with its proper value. 

NOTE 
Undefined expressions involving the address pointer 
are never tolerated, not even in PASSl. For example 
if A, B, and C are undefined, the following are 
unacceptable: 

.=A 

.BLKB B 
.BLKW C 

Make sure the .END directive terminates your program. 

A DCTll-EM Loadable Program - Example 1 

Use your host's editing facilities to create the summation program pr^ented in Paragraph 3.8. Comments 
from the original program are shown in lowercase, and comments added for the benefit of the example are 
shown in uppercase. 



.START 

. - 2000 
CLRRl 
CMPR0,R1 
BLE 2034 
CLR ©#2044 
MOV R0,@#2044 
DECRO 

ADD R0,@#2044 
BVS 2036 
CMP R0,R1 
BGT 2016 
HALT 
CLRRO 
CLR @#2044 
HALT 
END 



THIS LINE MUST APPEAR FIRST. 

ENTER THE PROGRAM STARTING AT LOCATION 2000. 

Set Rl = 0. 

RO contains n. 

Illegal input (n ^ 0)? 

No, start operation by clearing 2044. 

Place first value of n in 2044. 

n = n— 1 

Add next value (n-1) to 2044. 

Overflow? 

No. 

Continue operation if n > 0. 

Operation complete if n = 0. 

Yes, illegal input. Clear RO, 2044. 

Yes, overflow. Clear 2044 only. 

Illegal input or overflow occurred. 

STOP HOST LOADING. 
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A DCTll-EM Loadable Program - Example 2 

In this example, the summation program above is changed slightly such that forward references to the 
symbols ILLIN and OVFLO are made. Since these symbols are undefined when first referenced, you must 
create the program in two segments to make it acceptable to the DCTl l-EM. 



START 
CLEAR 

PASSl 



. = 2000 




BEGIN: 


CLRRl 




CMP R0,R1 




BLE ILLIN 




CLR @#2044 




MOV R0,@i2044 


LOOP: 


DEC RO 




ADD R0,@#2044 




BVS OVFLO 




CMP RO.Rl 




BGT LOOP 




HALT 


ILLIN: 


CLRRO 


OVFLO: 


CLR @#2044 




HALT 



PASS2 



. = 2000 




BEGIN: 


CLR Rl 




CMP RO.Rl 




BLE ILLIN 




CLR @#2044 




MOV R0,@#2044 


LOOP: 


DECRO 




ADD R0,@#2044 




BVS OVFLO 




CMP R0,R1 




BGT LOOP 




HALT 


ILLIN: 


CLRRO 


OVFLO: 


CLR @#2044 




HALT 



END 



THIS LINE MUST APPEAR FIRST. 

DELETE ALL PREVIOUSLY DEFINED 

SYMBOLS. 

PERFORM FIRST PASS INPUT OF PROGRAM. 

ALLOW UNDEFINED SYMBOLS AND SET 

THEIR VALUES TO ZERO. 

INPUT THE PROGRAM STARTING AT 

LOCATION 2000. 

Set Rl - 0. 

RO contains n. 

Illegal input (n < 0)? 

No, start operation by clearing 2044. 

Place first value of n in 2044. 

n = n— 1 

Add next value (n-l) to 2044. 

Overflow? 

No. 

Continue operation if n > 0. 

Operation complete if n = 0. 

Yes, illegal input. Clear RO, 2044. 

Yes, overflow. Clear 2044 only. 

Illegal input or overflow occurred. 

PERFORM SECOND PASS ENTRY OF 

PROGRAM. 

SYMBOLS ARE NO LONGER UNDEFINED AND 

ARE ASSIGNED CORRECT VALUES. 

UNRESOLVED ADDRESSES ARE RESOLVED. 

INPUT THE PROGRAM AGAIN STARTING AT 

LOCATION 2000. 

Set Rl =0. 

RO contains n. 

Illegal input (n < 0)? 

No, start operation by clearing 2044. 

Place first value of n in 2044. 

n = n-l 

Add next value (n-l) to 2044. 

Overflow? 

No. 

Continue operation if n > 0. 

Operation complete if n = 0. 

Yes, illegal input. Clear RO, 2044. 

Yes, overflow. Clear 2044 only. 

Illegal input or overflow occurred. 

STOP HOST LOADING. 
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4.17.6 An Illustration of the Host Loading Process 

This paragraph steps you through a session with the DCTl I -EM during which you load the summation 
program you created on your host (see example I, Paragraph 4.17.5). 

Assuming you are in NOHOST mode, the first step is to get into LOAD mode by typing in: 

TEM> HOST LOAD 

Press RETURN until your host responds with its usual prompting character(s). 

Then direct your host to type or otherwise display on the console terminal the program you wish to load. 
This command might be in the form: 

TYPE SUMM 

where TYPE is the the command your host recognizes to display the program and SUMM is the name you 
gave the program. When the host starts typing the program, the following appears on your console 
terminal. (This program does not contain any undefined symbols and requires only one pass.) 





.START 




TF-M> 






TEM> 


CLEAR 




TFM> 






TEM> 


, = 2000 




TEM> 






TRM> 


CLR Rl 




TEM> 


CMP R0,R1 




TEM> 


BLK 2034 




TEM> 


CLR ^.#2044 




TEM> 


MOV R0.('t#2044 




TEM> 


DEC RO 




TEM> 


ADD R0,fe#2044 




TEM> 


BVS 2036 




TEM> 


CMP RO.RI 




TEM> 


BGT 2016 




TEM> 


iiALr 




TEM> 


CLR RO 




TEM> 


CLR (r<#2044 




TEM> 


HALT 




TEM> 


.END 




HOST; 


-- 




<your 


Kist's prompt appears on 


the 



;TH1S LINE MUST APPEAR FIRST. 

;DELLTE ALL PREVIOUSLY DEFINED 

:SYMBOLS. 

;ENTER THE PROGRAM STARTING AT 

;LOCATION 2000. 

;Set R 1 = 0. 

;R0 contains n. 

^Illegal input (n < 0)'? 

;No, start operation by clearing 2044. 

;PIace first value of n in 2044. 

n = n— I 

Add next value (n-l) to 2044_ 

Overflow? 

No. 

Continue operation if n > 0. 

Operation complete if n = 0. 

Yes, illegal input. Clear RO, 2044. 

Yes, overflow. Clear 2044 only. 

Illegal inpuL or overflow occurred. 

STOP HOST LOADING. 

last litie> 



The DCTl 1-EM successfully loaded your program and you are now back in HOST mode. The console 
monitor can now respond to your input. If you type in 2000, you can examine the program you just loaded 
by pressing RETURN repeatedly. 
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If your program is successfully being loaded into the DCTll-EM, each line is preceded by the TEM> 
prompt. If a program line causes a console error message, loading stops but typing continues (without the 
TEM> prompt). 

4.18 CONSOLE COMMAND SUMMARY 



General Form 

expr 

instr 

exprl expr2 



expr? 



expr\ 
null line 

symbol=expr 
symbol: 



Operation 

Deposit the expression in RAM unless the expression is part of another 
command. Advance the address pointer accordingly. 

Assemble and deposit the instruction at the location indicated by the 
address pointer. Advance the address pointer accordingly. 

Display the contents of the locations from exprl through expr2. If exprl is 
greater than expr2, only exprl contents displayed. 

Display numerically the value of the expression. 

Set the address pointer to the value of the expression. Display the contents 
of the location specified by the expression. 

Display, relative to the address pointer, the next eight instructions if in 
INSTRU mode, the next eight words if in WORD mode, or the next eight 
bytes if in BYTE mode. If single stepping, single step again. 

Define the symbol to be equal to the expression. 

Define the symbol to be equal to the current value of the address pointer. 

Decrement the address pointer by one byte if you are in BYTE mode or 
by one word if you arc in WORD or INSTRU mode. 



Form 

ABSOLU 

.ASCII /string/ 

,BLKB expr 
.BLKW expr 



Paragraph 
Reference 

4.8.2 



4.15 

4,15 
4.15 



Operation 

Sets the ABSOLU mode. Causes user-defined 
symbols in programs to be displayed as numeric 
values. 

Generates a block of data containing the ASCII 
equivalent of the character string (enclosed in 
delimiting characters), one character per byte. 

Reserves a block of storage space whose length in 
bytes is determined by the specified expression. 

Reserves a block of storage space whose length in 
words is determined by the specified expression. 



4-29 



•BYTE exprl, exprl, 



BYTE 



END 



.EVEN 

EXIT 
GO 

HELP 
HOST 

INSTRU 

LOAD 

NOHOST 

PASSl 

PASS2 



4.15 



4.8.2 



CANCEL 


4.14.1 




4.14.3 


CLEAR 


4.13.2 


DELETE symbol 


4.13.2 



4.17.4 



4.15 

4.2 
4.14 

4.16 
4.17.1 

4.8.2 

4.17.1 

4.17.1 
4.17.5 

4.17.5 



Generates successive bytes of data; each byte con- 
tains the value of the corresponding specified 
expression. 

Sets the BYTE mode for memory examination 
and alteration operations. Causes memory to be 
displayed as three digit bytes. 

Clears all four breakpoints and the watchpoint. 



Clears the user symbol table. 

Deletes user-defined symbol from the user symbol 
table. 

Used at the end of programs that are to be loaded 
into the DCTll-EM from a host. Causes the 
DCTi 1-EM to terminate host loading if in LOAD 
mode. 

Ensures that the current address pointer contains 
an even address by adding I if it is odd. 

Transfers console control to the keypad. 

Executes the user program at the current PC 
value. 

Displays a table of commands. 

Sets the HOST mode. Allows the DCTI 1-EM to 
receive messages from a host. 

Sets the INSTRU mode. Data is displayed as 
DCTI 1-AA assembly language instructions. Is set 
by default when the DCTI 1-EM is powered up. 

Sets the LOAD mode. Establishes host communi- 
cation. Allows the DCTI 1-EM to begin loading if 
it encounters the .START command. 

Clears the HOST mode. Is set by default when 
the DCTI 1-EM is powered up. 

Sets the PASSl mode. Allows the use of unde- 
fined symbols. 

Sets the PASS2 mode. Requires all symbols to be 
defined. Is set by default when the DCTI 1-EM is 
powered up. 



4-30 



REPEAT expr,cmd 

SHOWMO 

SHOWRE 

SHOWSY 
START 



4.16 

4.16 

4.6 

4.13.2 
4.17.5 



STEP 



4.14.2 



SYMBOL 



4.8.2 



TALK 



4.17.1 



VTOFF 



4.3 



\TON 



4.3 



W0RDexprI,expr2, 



4.15 



Repeatedly performs the specified command{s) 
by the number of times specified by the 
expression. 

Displays the current operating modes of the 
DCTll-EM. 

Display^ the contents of user registers and the 
walchpoint if the watchpoinl is set. 

Displays the contents of the user symbol tabic. 

Used at the beginning of programs that are to be 
loaded into the DCTll-EM from a host. Causes 
the DCTl 1-EM to start host loading if in LOAD 
mode. 

Executes one instruction of a user program at the 
current value of the PC. Displays the contents of 
user registers and the watchpoinl if the 
walchpoint is set. Displays the next instruction to 
be executed. 

Sets the SYMBOL mode. Causes user-defined 
symbols in programs to be displayed as symbols 
rather than as numeric values. Is set by default 
when the DCTl 1-EM is powered up. 

Sets the TALK mode. Establishes host communi- 
cation. Allows you to communicate directly with 
a host as if the DCTl 1-EM were not there. Typi- 
cally used for program development on a host. 

Sets the VTOFF mode. Causes deleted characters 
to be echoed (preceded by a slash) on the console 
terminal when you press the DELETE key. Is set 
by default when the DCTl 1-EM is powered up. 

Sets the VTON mode. Characters you delete by 
pressing the DELETE key are not echoed in this 
mode. Typically used if you have a video terminal 
for a console. 

Generates successive words of data; each word 
contains the value of the corresponding specified 
expression. 
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4.19 CONTROL COMMAND SUMMARY 
Command Meaning 

Delete line. 



CTRL/U 
CTRL/X 

CTRL/R 



CTRL/S 



Display line. 



Suspend execution. 



CTRL/Q 


Resume execution. 


CTRL/C 


Abort operation. 


CTRL/0 


Ignore host message, 


CTRL/A 


Select option. 



Typical Use 

You made several typing errors in your input line. 
You want to cancel the line and try again. 

You used the DELETE key several times while 
typing your input line. You want to see a clean 
version of the line you are editing. 

You want to suspend the operation of the console 
monitor or the execution of a currently running 
program. 

You have previously used the CTRL/S command 
and want to resume operation. 

You want to abort the current CTRL/Y opera- 
tion of the DCTl 1-EM and input a new line. 

You are in HOST mode (see Paragraph 4.17.1) 
and want to ignore information currently being 
sent by your host computer. 

You are in TALK or LOAD modes (see 
Paragraphs 4.17.3 and 4.17.4) and want to select 
one of these four options: exit, resume, send 
break, send CTRL/A. 
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CHAPTER 5 
SOFTWARE 



5.1 INTRODUCTION 

This chapter provides some information about the DCTll-EM monitor and introduces you to monitor 
subroutines you can use in your programs. The chapter also describes how address space is allocated in the 
DCTll-EM and shows you which areas are available and unavailable for use. 

This material is summary in nature. More detailed information can be found in the DCTl 1-EM monitor 
listing (see Appendix A) and in the DCTl I -EM schematics (see Appendix B). 

5.2 THE MONITOR 

The monitor is a PROM resident program that controls the operation of the DCTl 1-EM. its main purpose 
is to provide an environment in which you can develop and run programs. The portion of the monitor that 
allows you to operate the DCTl 1-EM with the keypad is called the keypad monitor and the portion that 
lets you use a console terminal is called the console monitor. When you learned how to operate the 
DCTl 1-EM with the keypad and console in Chapters 3 and 4, you were really learning how to get the 
monitor to do things for you. 

When you execute a program, the monitor relinquishes control of the DCTll-EM to your program. 
Control is returned to the monitor (i.e., the monitor is restarted) by any of the following ways: 

1 . Pressing the HALT switch 

2. Executing a HALT instruction 

3. Encountering a breakpoint or executing a BPT instruction 

4. Attempting to execute an illegal instruction 

5. Performing a single step 

6. Sending a BREAK from a console terminal 

7. Executing a JMP ©#140010 instruction 

8. Sending a CTRL/C or CTRL/Y command from a console terminal 

The first two ways (1 and 2) always return control to the keypad monitor. The remaining ways (3 through 
8) return control to the keypad monitor if you are using the keypad or the console monitor if you are using 
a console terminal. When control is returned to the keypad monitor, the PC is displayed on the LEDs and 
you are in register mode. (If a flashing error message appears on the LEDs, press the HALT switch or any 
key to display the PC.) When control is returned to the console monitor, a TEM> prompt is displayed on 
your console terminal, Refer to Appendix A for details about how the HALT and BPT instructions 
interact with the monitor. Also refer to Appendix A for information on the effects of setting the T-bit. 
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When you return control (o the monitor, the DCTl 1-EM registers contain the values they had at the time 
your program stopped with the following exceptions. 

1 . If you execute a JMP @# 1400 10 instruction, the PC is restored to the value it had when your 
program started. This allows easy restarting of the program. 

2. If you type CTRL/C or CTRL/Y from a console terminal, all the DCTl 1-EM registers are 
restored to the values they had when your program started. 

3. If you encounter a breakpoint, the stack pointer is set to the value it had just before the 
breakpoint occurred. 

5.2.1 The Stack Pointer 

The monitor initializes your stack pointer to 7400 when you power up. The monitor also checks to make 
sure your slack pointer is in the range 4 through 7400, inclusive (for the keypad monitor), or 4 through 
6500, inclusive (for the console monitor), before it allows your program to execute. It is up to you, 
however, to make sure the stack pointer has a reasonable value before you attempt to run a program. 

For example, it is a good idea to make sure your stack pointer and the information you push onto the stack 
do not overlap your program. To decrease the chance of this happening, set the stack pointer well above 
the area in which your program resides. 

5.3 MONITOR SUBROUTINES 

Several portions of the DCTl 1-EM monitor are accessible to your programs as subroutines. If you want to 
use one of these subroutines in your program, simpiy include a JSR instruction in the form: 

JSR PC,@#subroutinc 

where subroutine refers to the address of the desired subroutine. 

Subroutine mnemonics arc defined within the monitor only, so make sure your program defines these 
mnemonics before it uses them as symbols. 



5.3.1 Keypad/LED Subroutines 



Address 

140014 



Mnemonic 

DGDISP 



Description 

Display Hex Digit 

Takes the value contained in the lower four bits of RO and 
displays it as a hexadecimal number on the LED digit indexed 
by Rl. Values of Rl correspond to LED digits as follows. Uses 
ROand RL 



■3 


1 1 


07 


05 


03 


0' 



- 2 


10 


06 


0^ 


0? 


00 
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Address 

140020 

140024 
140030 



Mnemonic 

UPDISP 

LODISP 
DECDSP 



140034 


UPBLNK 


140040 


LOBLNK 


140044 


GETKEY 



Description 

Display Octal Number on Upper LEDs 

Takes the value in R2 and displays it as a six-digit octal number 

on the upper row of LEDs. Uses RO and R 1 . 

Display Octal Number on Lower LEDs 

Takes the value in R2 and displays it as a six-digit octal number 

on the lower row of LEDs. Uses RO and R 1 . 

Display Decimal Number 

Takes the value in Rl and displays it as a five-digit decimal 

number on the row of LEDs indexed by R2. R2 = 12 for the 

lower row, R2 = 13 for the upper row. Uses RO, R], R2, and 

R3. 

Clear Upper Row 

Blanks out the upper row of LEDs, Uses RO and Rl. 

Clear Lower Row 

Blanks out the lower row of LEDs. Uses RO and RL 

Get Key Number 

Turns on LEDs and waits for a keypress. When a keypress 
occurs, takes the number of the key and stores it in Rl . Keys are 
numbered as follows. 



























03 




07 




13 




' 7 




:?3 




























02 




06 




12 




16 




22 




























01 




05 




1 1 




IFi 




21 




























00 




Od 




10 




■4 




20 



























140050 



BCDKEY 



Convert Key Number to BCD 

Takes the key number in Rl and converts it lo a BCD value for 
the keys through 9. Returns 12 for the CLR key and 13 for 
the EXA key. Returns —1 (i.e., 177777) for any other key. 
Stores the result in Rl. 
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Address 



Mnemonic 



Description 



140054 GETNUM Input Number From Keypad 

Displays the value in R2 as a six-digit octal number on the lower 
row of LEDs. Enables the user to modify the value of R2 using 
keys through 7 and CLR. Stores modified value in R2 when 
the EXA key is pressed. Uses RO, Rl, and R2. 

5.3.1.1 Using the LEDs and Keypad - This paragraph contains some information you may find useful 
when writing programs that use the LEDs and keypad. This is intended as introductory material only. For 
further detail, refer to the monitor listing in Appendix A and the DCTl 1-EM schematics in Appendix B. 

You can create your own characters to display on the LED digits. First, form bytes that represent the 
segment patterns of the characters you wish to display as shown in Figure 5-1. 



rip 






7 

















dp 


g 


f 


e 


d 


c 


b 


a 



Figure 5-i LED Segment Assignmenls 



For example, 1 1 1 1 00 (or 164 octal) corresponds to the letter h and 1 00 11 1 1 (or 
to the numeral 3. 



7 octal) corresponds 



Then, move the bytes containing the segment patterns to locations 7712 through 7725. These locations 
(collectively called SEGBUF) are used by the LED interrupt service routine in the monitor to display 
segment patterns on the LEDs. Each location (byte) corresponds to an LED digit as shown in Figure 5-2. 



UPPER ROW 

OF 

LfcUS 


7725 


7723 


7721 


7717 


7715 


7713 






LOWER ROW 
Of 

LEDS 


7 724 


7722 


7/20 


7716 


7714 


771? 



Figure 5-2 SEGBUF Assignments 

For example, if you moved 164 (octal) to location 7721, 117 (octal) to location 7717, and to all the other 
SEGBUF locations, you would display h3 centered in the upper row of LEDs. 

Finally, turn on the LEDs by writing 000007 to port C of the 8255A parallel port chip (address 177444). 
Make sure your program keeps the LEDs on long enough for you to see them. One way of leaving the 
LEDs on is to incorporate one or more delay loops in your program of the form: 

CLR R5 
SOB R5,. 
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The LED interrupt (INTA) is disabled (i.e., the LEDS arc turned off) by writing 000010 to port C of the 
8255A chip. This also disables the user LED. 

To turn on the user LED (which, incidentally, also disables the LED digits), write 00001 1 to port C of the 
8255A chip. 

Examples of displaying values on the LEDs are provided in Paragraph 5.3.1.2. You can also create your 
own interrupt service routines to respond to keypresses. When a key is pressed, program control is 
transfered to the routine pointed to by 7676. If 7676 is zero, keypresses are ignored. The number of the 
key pressed is available to your routine through Rl. See the description of the GETKEY subroutine in 
Paragraph 5.3.1 for key numbers. 

In order for a keypress to be sensed, the LEDs must be enabled. This can be done by writing 000007 to 
kx;ation 177444 as explained above or by executing your program from the keypad with the "Go With 
LEDs" special function (see Paragraph 3.12.2). 

M the end of your keypress service routine, include the sequence: 

MOV (SP)+,R2 
MOV(SP)+,Rl 
MOV (SP)+,RO 
RT] 

to restore the state of your interrupted program. As an example, here is a program which loops on itself 
and increments R3 each time a key is pressed. To check the operation of the program, start it at location 
1000 and press keys. Press HALT and examine R3. 







Symbolic 




.\ddress 


Data 


Representation 


Comments 


1000 


012737 


MOV #7,## 177444 


;enable keypad 


1002 


000007 






1004 


177444 






1006 


012737 


MOV #1500,@#7676 


;attach interrupt routine 


1010 


001500 






1012 


007676 






1014 


000774 


BR 1006 


;loop infinitely 


1500 


005203 


INC R3 


interrupt service routine 


1502 


012602 


MOV (SP)+,R2 




1504 


012601 


MOV (SP)+,R 1 




1506 


012600 


MOV (SP)+,R0 




1510 


000002 


RTT 





5.3.1.2 Using Keypad/LED Subroutines - Example Programs - The following examples show you how 
10 use keypad/LED subroutines. 

Example 1 - Countdown Program This program decrements a number at a rate inversely proportional to 
the number's size. The program begins by displaying the word "EntEr" on the upper row of LEDs. You 
enter a number (which is displayed on the lower row of LEDs) and press the EXA key. The number is 
displayed as it is decremented. The program initializes itself at the end to allow you to enter another 
number. 

There are undefined symbols in this program, so if you enter the symbolic version via the console terminal, 
make sure you incorporate the PASSl and PASS2 commands as described in Paragraph 4.17.5. 
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Address 



Data 



Symbolic 
Representation 

SEGBUF = 7712 
LODISP= 140024 
GETNUM= 140054 

. = 1000 



1000 


012701 


TEST: 


MOV #SEGBUF+1,R1 


1002 


007713 






1004 


012700 




MOV #6,R0 


1006 


000006 






1010 


116021 


TESTl: 


MOVE ENTER-l(RO), 


1012 


001063 






1014 


005201 




INC Rl 


1016 


077004 




SOBRO,TEST1 


1020 


004737 


TEST2: 


JSR PC,@#GETNUM 


1022 


140054 






1024 


005702 


TEST4: 


TSTR2 


1026 


001774 




BEQ TEST2 


1030 


012701 




MOV #3,R1 


1032 


000003 






1034 


004767 


TEST3: 


JSR PC,DELAY 


1036 


000012 






1040 


077103 




S0BR1,TEST3 


1042 


005302 




DECR2 


1044 


004737 




JSR PC,@#LODISP 


1046 


140024 






1050 


000765 




BR TEST4 



;DELAY loops a number of times inversely proportional to the size 
;of R2. Thus there is a smaller delay when R2 is large. 



DELAY: MOV #-I,RO 



1052 


012700 


1054 


177777 


1056 


160200 


1060 


103376 



1062 



000207 



DELAY 1:SUBR2,R0 

BCC DELAY 1 



RTSPC 



Comments 

LED segment buffer 

octal number on lower LEDs 

input number from keypad 

;position program at location 
;1000 

;point to rightmost 

;digit of upper row of LEDs 

;set digit count = six digits 



;digit in upper row of LEDs 

;advance pointer to next 

;digit in upper row of LEDs 

;loop to transfer all six 

;characters 

;input an octal number from 

;the keypad 

;reject zero as an input 

;if zero, get a new number 

;call delay routine three 

;times 

;wait a while 



;decrement entered number 
;display new value 

;see if we have zero yet 



;set dividend 

;divide by successive 
;subtraction; keep 
;subtracting until 
;underflow occurs 



ENTER is a list of bytes corresponding to the segment patterns 
"EntEr". 



1064 
1066 
1070 



052171 
074570 
000120 



ENTER: .BYTE 171,124,170,171,120,0 
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Example 2 - Clock Program 

This program displays a minutes and seconds clock on the lower row of LEDs. The values for minutes and 
seconds are obtained from a timer maintained by the monitor. You can use the INT switch to set minutes. 
Note that the upper row of LEDs and the Jeft-mosl digit of the lower row display the current contents of 
the LED segment buffer for those digits. 

All symbols referenced in this program are defined. The symbolic version of the program will run if 
entered as follows. As an exercise, try to modify the program so that the upper row of LEDs and the left- 
most digit of the lower row of LEDs arc blank when the program is running. 



Address 



1000 
1002 
1004 
1006 
1010 
1012 
1014 
1016 
1020 
1022 
1024 
1026 
1030 
1032 
1034 
1036 
1040 
1042 
1044 
1046 
1050 
1052 
1054 
1056 
1060 
1062 
1064 
1066 
1070 
1072 
1074 



Data 



012706 
006500 
106427 
000000 
012737 
001200 
000024 
005037 
007730 
005067 
177750 
112737 
000007 
177444 
032737 
001000 
007730 
001774 
032737 
001000 
007730 
001374 
013701 
007730 
000301 
006201 
006201 
042701 
177700 
001010 
005267 



Symbolic 




Representation 


PFVEC 


= 24 


TIME 


= 7730 


SEGBUF 


- 7712 


MINUTS 


= 776 


DECDSP 


= 140030 


PSPORC 


= 177444 


SETIME 


= 1200 



= 1000 
CLOCK: MOV #6500,SP 
MTPS #0 

MOV #SETIME,@#PFVEC 

CLR @#TIME 
CLR MINUTS 
MOVB #7,(a;#P$PORC 

LOOP: BIT #!000,##T[ME 



BEQ LOOP 
LOOPl: BIT #1000,^#TIME 



BNE LOOPl 
SHOWIT: MOV @#T]ME,R1 

SWAB Rl 

ASR Rl 

ASR Rl 

BIC #177700,R1 

BNE .+22 
INC MINUTS 



Comments 

;INT switch vector 

;uppcr six bits count seconds 

;LED segment buffer 

;location to hold minutes count 

;display decimal number 

;LED/keypad I/O port on 8255A 

;subroutine to set minutes 

;position program at loc. 1000 

;initialize stack pointer 

;sct low priority 

;connect minute set 
;routine to INT switch 

;clear seconds and second 
; fractions 
;clear minutes 

;turn on LEDS 



;wait for seconds to 
;change 



;show time 
;get seconds 



;mask out fractions of 

;seconds 

;not a new minute (BNE CLKI) 

;else count minutes 
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Address Data 



Symbolic 
Representation 



1076 


177676 




1100 


026727 


CMP MINUTSi60. 


1102 


177672 




1104 


000074 




1106 


103402 


BLO .+6 


1110 


005067 


CLR MINUTS 


1112 


177662 




1114 


016702 


CLKl: MOV MINUTS,R2 


1116 


177656 




1120 


012700 


MOV #3,R0 


1122 


000003 




1124 


006302 


LOOP2: ASL R2 


1126 


010246 


MOV R2 -(SP) 


1130 


006302 


ASLR2 


1132 


006302 


ASLR2 


1134 


062602 


ADD {SP)+,R2 


1136 


077006 


SOB R0,LOOP2 


1140 


060201 


ADD R2,R1 


1142 


012702 


MOV #10,R2 


1144 


000010 




1146 


004767 


JSR PC,@#DECDSP 


1150 


136656 




1152 


112737 


MOVB #100,@#SEGBUF+4 


1154 


000100 




1156 


007716 




1160 


000725 


BR LOOP 

. = 1200 


1200 


005037 


SETIME: CLR @#TIME 


1202 


007730 




1204 


012706 


MOV #6500,SP 


1206 


006500 




1210 


106427 


MTPS #0 


1212 


000000 




1214 


000717 


BR SHOWIT 



Comments 



;overflow? 



;no (BLO CLKl) 



;get minutes 

;shift minutes over three 

;digits 

;multiply R2 by 10 to shift 

;one decimal digit to the left 



;loop three times to make X 1000 
;add minutes to seconds 
;index lower display 

;display time 

;display dash between 
; minutes and seconds 



;reset seconds to increment 

; minutes 

; reinitialize slack 

;reinitialize priority 

;display new time 

As an exercise, try to modify the program so that the upper row of LEDs and the left-most digit of the 
lower row of LEDs are blank when the program is running. 



5.3.2 Console Subroutines 



Address 

140060 



Mnemonic 
GETLIN 



Description 

Get Input Line 

Types an angle bracket and space (> ) as prompting characters 
and awaits input from the console terminal. Echoes characters 
as they are typed in. Stores these characters (up to 96 per line) in 
a character buffer. Uses RO, R3. 
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Address Mnemonic 

140070 GETCH 



140100 



GETCHC 



140104 



GETNXT 



140120 



,40124 



CRLF 



CHROUT 



40134 



40140 



CHR02 



ASCOUT 



140144 



PRINTA 



Description 

Get Character 

Retrieves the character indexed by R3 from the character buff- 
er. R3 must have a value from to 137 octal (95 decimal). 
Stores the character in the lower byte of RO and increments R3. 
Lowercase characters are converted to uppercase. Sets the N 
condition code bit if the character is a separator (space, tab, 
feed). Sets the C condition code bit if the character has been 
converted from lowercase to uppercase. Uses RO, R3. 

Get Character, Preserve Case 

Retrieves a character with its case intact from the character 
buffer. Uses R3 as an index to the character. R3 must have a 
value from to 137 octal (95 decimal). Stores the character in 
the lower byte of RO and increments R3. Uses RO, R3. 

Get Character, Ignore Separators 

Retrieves the next character in the character buffer which is not 
a separator (space, tab, feed). Uses R3 as a starting point index. 
R3 must have a value from to 137 octal (95 decimal). Stores 
the character in the lower byte of RO and increments R3 in 
accordance with the number of separators encountered. Lower- 
case characters are converted to uppercase. Sets the C condition 
code bit if a character has been converted from lowercase to 
uppercase. Uses RO, R3. 

Type Carriage Return, Line Feed 

Types a carriage return and line feed on the console. 

Type One or Two ASCII Characters 

Takes the value in the lower byte of RO and types it as an ASCII 

character on the console. If the upper byte of RO has a nonzero 

value, it is also typed as an ASCII character on the console. Uses 

RO. 

Send Byte to Auxiliary Port 

Takes the value in the lower byte of RO and sends It to the 

auxihary serial port. Uses RO. 

Type One ASCII Character or String 

Takes the value in the lower byte of RO and types it on the 
console either as an ASCII character or as an ASCII string of 
characters. ASCII strings that can be typed include <ESC>, 

<SP>, <DEL>, and '^ A through '^ where the caret denotes a 

control character. Uses RO. 

Type ASCII String 

Takes a string of bytes starting at the location pointed to by Rl 
and types them on the console as ASCII characters until until a 
byte whose value is zero is is encountered. Uses RO, Rl. 
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Address Mnemonic 

140160 TYPOCT 



140164 



TYPDEC 



Description 

Type Octal Number 

Types the value in Rl on the console as a six-digit octal number 
if in the INSTRU or WORD output formatting modes. Types 
the lower byte of R 1 on the console as a three-digit octal number 
if in BYTE mode. Uses RO, Rl. 

Type Decimal Number 

Types the value in Rl on the console as a signed five-digit 

decimal number followed by a period. Uses RD, Rl. 



5.3.2.1 Console Character Manipulation - The console subroutines just described provide most of the 
functions you will require to manipulate characters via the console. If you require other functions, refer to 
the monitor listing in Appendix A. 

Keep the following in mind when using the GETCH, GETCHC, and GETNXT subroutines. 

When you use these subroutines, characters you input via the console terminal are stored in a 96-character 
buffer maintained by the monitor called BUFFER. All three subroutines use R3 as a pointer to determine 
which character within BUFFER is retrieved. Since BUFFER is 96 characters in length, R3 can have a 
value from through 137 (octal), inclusive, For your convenience, the subroutines automatically incre- 
ment R3 to point to the next character to be retrieved. 

5.3.2.2 Using Console Subroutines - Sample Program 



NIM for the TEM 

In this version of NIM, there are 2] sticks. The game requires 2 
players (the user and the TEM). The players take turns picking up 
1, 2, or 3 sticks. The object of the game is to leave 1 stick for 
the other player to pick up in the last turn. The algorithm used 
by the TEM ensures that it will win if it goes second, or if it goes 
first and the other player leaves it an opportunity to win. 

Operation of the game is explained by prompts. All responses by the 
user must be terminated with a carriage return. However, several 
responses may be typed together on a line, separated by commas, and 
will be taken as needed by upcoming prompts for input. 

There are undefined symbols in this program, so if you enter the 
symbolic version via the console terminal, make sure you incorporate 
the PASSl and PASS2 commands as described in Paragraph 4.17.5. 



5-10 



.***«*«««** 



SYMBOL DEFINITIONS *********** 



CLEAR ;empty symbol table 

MONITR = 140010 ;reentry point for monitor 

GETLIN = 140060 ;get a line from the console 

GETNXT = 140104 ;get next significant character from BUFFER 

CRLF = 140120 ;send <CR>,<LF> to console 

CHROUT = 140124 ;send a character to console 

PRINTA =140144 ;print an ASCII string 

TYPDEC = 140164 ;type a decimal number on the console 

CR =15 ;<CR> 

LF =12 ;<LF> 

SPACE = 40 ;space 

STICKS =21. ;initial number of sticks 



*«**«*«***** 



START OF PROGRAM 



«««**** ii « 41 * * 



. = 1000 

NIM: 



MOV #GREET,R1 
JSR PC,@#PRINTA 



NEWGAM:CLRR5 

CLR R3 
NEW 1 : MOV #MEORU,R 1 
JSR PC,@#PRINTA 
JSR PC,@#GETLIN 
JSR PC,@#GETNXT 
CMPB ROJ'M 
BEQ TEMGO 
CMPB ROi'Y 
BEQ USERGO 
CMPB ROJ'Q 
BNE NEWl 
JMP @#MONITR 



;print greeting message on console 

;show no sticks taken yet 

;(number of sticks left = STICKS - R5) 



;ask who plays first 
;wait for response from console 
;get first meaningful character 
;m(e) means TEM goes first 

;y(ou) means user goes first 

;q(uit) means return to monitor 

;lf user has not entered a valid response, 

;prompt for response again. 
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USERGO: MOV #LEFTUR! 

JSR PC,@#PRINTA 
M0V#ST1CKS,R1 
SUBR5,Rl 
MOV Rl,R2 
JSR POJTYPDEC 
MOV #LEFT2,R1 
JSR PC,@#PRINTA 
JSR PC,@#CRLF 

USER 1 : MOV #400*SPACE+V,R0 
JSR PC,@#CHROUT 
SOBR2,USER] 

JSR PC,@#GETNXT 

CMPB ROi', 

BEQ NEXT 
USER2: MOV #H0WMNY,R1 

JSR PC.@#PRINTA 

JSR PC,@^#GETL1N 
NEXT: JSR PC,^#GETNXT 

CMPB ROJ'I 
BLO USER2 

CMPB R0,r3 
BHI USER2 
SUB f 0,R0 
ADD R0,R5 
CMPRSJSTICKS-I 
BLO TEMGO 
BHI USER4 
MOV #ILOSE,Rl 
JSR PC,@#PRINTA 
JMP NEWGAM 

USER4: MOV #GOOFED,Rt 
JSR PC,@#PRTNTA 
JMP NEWGAM 

TEMGO: MOV #MYMOVE,Rl 

JSR PC,@#PRINTA 

M0VR5,R1 
NEG Rl 

BIC #177774,R1 
BNE TEMl 

MOV #2,R1 



;prinl header for number of sticks left 

;calculate number of sticks left 

;save a copy of result 

;lype decimal value on the console 

; finish message 

;start a new line 

;put in RO the character pair "/" 

;type a "stick" on the screen 

;loop to type the appropriate number 

;of sticks 

;get next character 

;is it a comma? 

;yes, get next move from line. 

;ask how many sticks the user wants 
;get a line 

;get first/next meaningful character 
;on line 

;illegal response, throw away line and 
;try again 

;illegal response 

;convcrt digit in RO into a number 

;add to sticks already taken away 

;is only 1 stick left? 

;no, it's TEM's turn 

;u$er took too many sticks 

;announce the loss 

;ask about another game 



;tell the idiot that he goofed up 
;and ask about another game 



;type beginning of TEM's move on 

;console 

;get number of sticks taken so far 

;implement algoritm to select move: 

;if R5 MOD 4-0, take 2 sticks 

; R5 MOD 4=1, take 3 sticks 

; R5 MOD 4 = 2, take 2 sticks 



5-12 



TEMl: ADDR1,R5 

JSR PC,@#TYPDEC 
MOV #MYMOVl,Rl 
JSR PC,@#PRINTA 
CMP R5iSTICKS-l 
BLO USERGO 
MOV #IWIN,R1 
JSR PC,@#PRINTA 
JMP NEWGAM 



; R5 MOD 4 = 3, take 1 stick 
;show how many sticks TEM is takin) 

;finish message 

;is there only 1 stick left? 

;no. it's the user's turn 

;announce the victory 
;and ask about a new game 



GREET: BYTE CR^LF 

.ASCII /NIM for the TEM/ 

.BYTE CR,LF,0 
MEORU; BYTE CR,LF 

.ASCII /Who goes first? Me (M) or you (Y)? (Q to quit)/ 

.BYTE 
LEFTl: .BYTE CR,LF 

.ASCII /There are / 
BYTE 
LEFT2: .ASCII / sticks left./ 

.BYTE 
HOWMNY:.BYTE CR,LF 

.ASCII /How many sticks will you take? (1, 2, or 3)/ 

.BYTE 
MYMOVE: BYTE CR,LF 

.ASCII /I lake / 

.BYTE 
MYMOVl: .ASCII / stick(s)./ 

BYTE 
ILOSE: .BYTE CR,LF,LF 

.ASCII /You win!!! I demand a rematch!/ 

BYTE 
IWIN: BYTE CR,LF,LF 

.ASCII /T win!!! Want to try again?/ 

BYTE 
GOOFED: .BYTE CR,LFXF 

.ASCII /You goofed up! Can you get it right this time?/ 

.BYTE 

5.4 DCT1!-EM ADDRESS SPACE 

DCTl 1-EM address space is organized as shown in Figure 5-3. Functionally, the address space consists of: 
standard RAM space, expansion RAM space, monitor space, I/O space, space available for external 
hardware, and reserved space. 
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\inii 




AVAILABLE FOR EXTERNAL 


1 77600 




HARDWARE 


! 77577 




I/O SPACE 


177400 






177377 




AVAILABLE FOR EXTERNAL 
HARDWARE 


167600 






167577 


'S:Z^//A!yyy:iii^^yW//////^^^^ 


167400/ 






167377 




AVAILABLE FOR EXTERNAL 
HARDWARE 


1 60000 






157777 




MONITOR 


1 20000 






Willi 


P 


■W/ZX/x; R E S E R V E D X//^%////// 


100000 


V/. 


^^^^^^^^^^^^ 


mil 




AVAILABLE FOR EXTERNAL 
HARDWARE 


40000 






31111 


1 


:^^^^> RE SE R VE D /^^^^^^^ 


30000 


^ 


ZoM^^o^w^yy^A 


21111 




USER RAM (OPTIONALI 


20000 






17777 


P 


/%//////; R ESE RVED'Wy/y////^ 


10000 


m 


^lyMMMmmy^m 


1111 
7400 


KEYPAD MONITOR SCRATCHPAD 


7377 
7320 


CONSOLE MONITOR SCRATCHPAD 


7317 
6500 


SYMBOL TABLE 


6477 




USER RAM 


144 






143 


INTERRUPT AND OTHER VECTORS 



Figure 5-3 DCTll-EM Memory Map 
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5.4.1 Standard RAM Space 

Addresses 000000 through 007777 are allocaled to the RAM that comes standard with the DCTl 1-EM. 
This RAM space is utilized as follows. 

Addresses Use 

000000-000143 Interrupt and Other Vectors. Contains vectors thai point to 

service routines for various interrupt, trace, and trap conditions. 
See Chapter 6 for specific vector addresses. 

000144-006477 User RAM Space. Space available for user programs. 

006500-007317 Symbol Table (Console Monitor Only). Can contain up to 66 

user defined symbols. 

007320-007377 Console Monitor Scratchpad. Area for use by the console 

monitor. 

007400-007777 Keypad Monitor Scratchpad. Area for use by the keypad moni- 

tor and console monitor. 

If you are using only the keypad, the symbol table and console monitor scratchpad areas arc available to 
you as user RAM. 

The monitor ordinarily protects certain areas of RAM from direct alteration, if you are using the keypad 
only, the keypad monitor scratchpad is the only area of protected RAM. If you are using a console 
terminal, however, the symbol table, console monitor scratchpad, and keypad monitor scratchpad are all 
protected. You can remove protection by activating special function 4 from the keypad (see Paragraph 
3.12.5). 

Note that "protection" refers only to protection from direct alteration, such as examining a location from 
the keypad or console and then trying to change the location. An executing program can violate any RAM 
location. To avoid unpredictable results, therefore, make certain your programs do not inadvertantly write 
data into areas not available as user RAM. 

5.4.2 Expansion RAM Space 

If you insert two 2 K X 8 RAMs into the expansion sockets (sec Paragraph 5.3), another portion of user 
RAM space at locations 020000 through 027777 becomes available to you. 

5.4.3 Monitor Space 

The monitor space is the space occupied by the keypad and console monitors which reside in two 8 K X 8 
PROMs at locations 120000 through 157777. 

5.4.4 1/0 Space 

Locations 177400 through 177577 are designated as space for the DCTl 1-EM's I/O chips. The 8255A 
parallel port, the 8251 A auxiliary serial line, and the DC319 DLART console .serial line all use this space. 
The I/O space consists of locations that can be written only and locations that can be written or read. 
Figure 5-4 provides a detailed breakdown of how the I/O space is used. 
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177577 




177566 


DLART TRANSMITTER DATA BUFFER 


177564 


DLART TRANSMITTER COMMAND/STATUS REG. 


177562 


DLART RECEIVER DATA BUFFER 


177560 


DLART RECEIVER COMMAND/STATUS REG. 










177552 


8251 STATUS REGISTER 


177550 


8251 RECEIVER DATA BUFFER 






177544 


3255 PORT C (INPUT FROM UPPER 4 BITS) 


177542 


8255 PORT B (8-BIT INPUT] 


177500 




MlAll 




177452 


8251 CONTROL REGISTER 


177450 


8251 TRANSMIT DATA BUFFER 


177446 


8255 COMMAND REGISTER 


177444 


8255 PORT C (OUTPUT TO LOWER 4 BITS) 


177442 


9255 PORT B (8-BIT OUTPUT) 


177440 


8255 PORT A i8-BIT OUTPUT) 


177400 





READ/VyPITE 
I/O SPACE 



WRITE ONLY 
I/O SPACE 



Figure 5-4 Map of I/O Space 



5.4.5 Space Available For External Hardware 

The following space is available to you for any expansion hardware you may wish to design: 



040000-077777 
160000-167377 



167600-177377 

177600-177777 



An example of a piece of external hardware that could use this space is a RAM board which responds to 
addresses 040000 through 057777. Further information on hardware expansion is provided in Chapter 6. 

5.4.6 Reserved Space 

The shaded space in Figure 5-3 is reserved and unavailable for use. The addresses affected are: 



010000-017777 
030000-037777 



100000-117777 
167400-167577 
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CHAPTER 6 
HARDWARE 



6.1 INTRODUCTION 

The DCTl 1-EM hardware is organized as shown in Figure 6-] . In general, the hardware consists of: 

The DCTl I -A A microprocessor 

RAM 

Monitor EPROM 

Peripheral chips and drivers 

An internal data bus buffer 

User buffers 

Microprocessor control signal decoding logic 

Address latching and range decoding logic 

Peripheral chip address decoding logic 

Interrupt logic 

Timing logic 

Miscellaneous control logic 

Keypad/LEDs and supporting logic 

The HALT and INT push-button switches 

Connectors 

The paragraphs that follow provide information on each of these. Refer to the DCTl 1-EM schematics in 
Appendix B for further details. 

Paragraph 6. 1 7 contains a design for an expansion memory board you can build. 
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6.2 DCTI l-AA MICROPROCESSOR 

The DCT! l-AA microprocessor is the heart of the system. A detailed discussion of the operation and 
architecture of the DCTI l-AA is beyond the scope of this book. Refer to the DCTI l-AA User's Guide 
(EK-DCTl 1-UG) for this information. 

At power-up or when a RESET instruction is executed, the DCTI l-AA mode register bits arc set to the 
following states and cannot be changed. 



Mode 






Register Bits 


State 


Mode 


<15;13> 


000 


Start address = 140000 
Restart address = 140004 


12 


1 


User 


11 





16-bit bus 


10 


1 


4 K/16 K memory 


9 





Dynamic memory 


8 





Normal read/write 


1 


1 


Standard microcycle 





1 


COUT = processor clock 



This mode configuration has the following implications: 

• Bit <] 1> = I - This allows you to use either 8-bit or 16-bit data paths in your expansion 
circuitry designs. If 8 bits, simply use the lower 8 bits of the 16-bit bus. 

• Bits <10;09> ^ 10 - This allows you to use inexpensive 16 K dynamic RAMs for off-board 
memory expansion (see Paragraph 6.17). 

• Bit <8> = - This allows you to design expansion hardware with devices that respond to either 
normal or delayed read/write controls. If you use devices that respond to delayed read/write 
controls, include delay circuitry in your design. 

NOTE 

Do not use a RESET instruction in your program 
unless your program reconfigures (i.e., reinitializes) 
your peripheral chips. RESET causes the DCTll- 
AA to assert -BCLR which resets the peripheral 
chips. 

6.3 RAM 

There are two 2 K X 8 CMOS static RAM chips in the basic DCTI I -EM which provide 4 K bytes of 
memory space. These RAMs respond to addresses 000000 through 007777. Even numbered or low bytes 
reside in one RAM, and odd numbered or high bytes reside in the other. 

There are two expansion sockets on the board which can accommodate two additional 2 K X 8 static 
RAMs. The RAMs in these sockets respond to addresses 020000 through 027777. One RAM stores low 
bytes and the other stores high bytes. 
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Although the DCTl 1-AA generates refresh cycles as a result of being set to dynamic memory mode, this 
is for the benefit of off-board expansion with dynamic RAMs. The on-board static RAMs ignore the 
refresh cycles. 

6.4 MONITOR EPROM 

The DCTll-EM monitor is contained in two 8 K X 8 EPROM chips. The EPROMs respond to addresses 
120000 through 157777. 

Note that accesses to memory locations above 100000 cause a single cycle slip. This is not only for the 
benefit of the monitor EPROMs, but also for the peripheral chips and any slow expansion hardware which 
may be attached. Cycle slips are disabled if the jumper is installed (see Paragraph 2.5). If you install the 
jumper, make sure you also decrease the microprocessor's 7.5 MHz clock frequency to a value between 3 
MHz and 6 MHz by changing the crystal. 

6.5 PERIPHERAL CHIPS AND DRIVERS 

The peripheral chips are the 8255A parallel port, the DC319-AA DLART console serial hne, and the 
8251A auxiliary serial line. The DLART and the 8251A have EIA drivers associated with them so that 
they can communicate with RS232-C devices. The locations reserved for use by the peripheral chips are 
listed in Table 6-1. 



Table 6-1 Reserved I/O Locations for Peripheral Chips 



Location 


Location 




Number 


Type 


Use 


177566 


Read/write 


DLART transmitter data buffer 


177564 


Read/write 


DLART transmitter command/status register 


177562 


Read/write 


DLART receiver data buffer 


177560 


Read /write 


DLART receiver command/status register 


177552 


Read /write 


8251 A status register 


177550 


Read/write 


8251 A receiver data buffer 


177544 


Read/write 


8255A port C {input from upper 4 bits) 


177542 


Read/write 


8255A port B (8-bit input) 


177452 


Write only 


8251 A control register 


1 77450 


Write only 


8251A transmit data buffer 


177446 


Write only 


8255A command register 


1 77444 


Write only 


8255A port C (output to lower 4 bits) 


177442 


Write only 


8255A port B (8-bit output) 


177440 


Write only 


8255A port A (8-bit output) 



6.5.1 Parallel Port (8255A) 

The 8255A parallel port chip has two 8-bit ports and two 4-bit ports, all independently controllable. Port A 
(8 bits) is dedicated to supplying LED segment data to the LED segment drivers. Port A is configured as 
output only. Port B {8 bits) is initially configured as an input port and is available to your expansion 
hardware via the 60-pin connector. You can configure port B as either an input port or an output port. Port 
C is really two independent 4-bit ports. The upper four bits of port C are dedicated to sensing keypresses 
and are configured as input only. The lower four bits of port C are dedicated to turning on the LEDs and 
enabling the keypad. These lower four bits are configured as output only. 

For detailed information on programming the 8255A, refer to the Intel Component Data Catalog (availa- 
ble from Intel Corp., 3065 Bowers Ave., Santa Clara, CA 95051). The order number is 210298-001. 
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6.5.2 DLART Console Serial Line 

The DLART (DC319-AA) is an asynchronous receiver/transmitter which the DCTl 1-EM uses to com- 
municate with a console terminal. 

The DLART can generate receiver, transmitter, and break detection interrupt requests. See Paragraph 
6.1 1 for more information on interrupts. 

The 800 Hz clock output of the DLART is used to generate the INTA interrupt request which causes the 
LEDs and keypad to be activated. Again, see Paragraph 6.11. 

Detailed information on programming the DLART is contained in the DLART Data Sheet (ED-23 181). 

6.5.3 Auxiliary Serial Line (8251A) 

The 8251 A auxiliary serial line chip is a universal synchronous/ asynchronous receiver/transmitter 
(USART) which the DCTl 1-EM uses for general purpose asynchronous serial communications. Typically, 
the auxiliary serial line is used for communicating with a host computer. 

The auxiliary serial line features modem control. The Data Carrier Detect and the SYNDET functions of 
the 8251 A, however, are not used in the CX^Tl 1-EM. 

For detailed information on programming the 8251 A, refer to the Intel Component Data Catalog (availa- 
ble from Intel Corp., 3065 Bowers Ave., Santa Clara, CA 95051). The order number is 210298-001. 

6-6 INTERNAL DATA BUS BUFFER 

The internal data bus buffer is not accessible to you directly but is the buffer through which most of the 
data in the DCTl 1-EM passes. Ft buffers DAL<I5:00>, the microprocessor's primary data bus. 

6.7 USER BUFFERS 

The DCTl 1-EM has three user buffers. One buffer provides access to DAL<15:00>, the main internal 
data bus. Another buffer provides access to AI<7:0>, the microprocessor's address interrupt lines. The 
third buffer provides access to various DCTl 1-EM control signals. These buffers arc directly accessible 
through the 60-pin connector. See Paragraph 6. 16 for the names of the specific buffered signals available. 

6.8 PROCESSOR CYCLE DECODING 

There is some decoding logic that takes microprocessor control signals and combines them to direct the 
operation of various chips within the IX^TU-EM. Some of these decoded signals are available to you 
through one of the user buffers. See Paragraph 6.16 for the names of these buffered control signals. 

6.9 ADDRESS LATCHING AND RANGE DECODING 

Memory addresses are latched from DAL<15:00> when the microprocessor asserts ERAS L. As shown in 
Figure 6-1, the upper three bits of the latched address are converted (decoded) to signals which enable 
pairs of on-board ROMs or RAMs. 
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Decoded address range signals are also available to your expansion hardware via the 60-pin connector. 
These signals are ARD02 L, ARD03 L, and ARD17 L. Figure 6-2 illustrates the address ranges to which 
these signals correspond. 



177777 
1 60000 


I/O SPACE AND 

SPACE AVAILABLE 

TO EXTERNAL 

HARDWARE 


J 
1 


- ARD 17 


157777 
120000 


MONITOR 
EPROM 


•ARDIX 


117777 
1OOO00 


1 
^J 


:^^ RESE R VE D .^X/ 


m 


NO CHIP ENABLE 
'signal AVAILABLE 


77777 
60000 


AVAILABLE FOR 
EXTERNAL 
HARDWARE 


.AR003 


57777 
40000 


AVAILABLE 

F^OR 
EXTERNAL 
HARDWARE 


-ARD02 


37777 
30000 


% 


VZO RESERVED^^yyZ 


m 


■ARDOl 


27777 
20000 


OPTIONAL RAM 


17777 
10000 


i 


y///////////////, 

6W.RESERVED/VZ' 


W 


■■ARDOO 


7777 


STANDARD RAM 










Wfi 1 0:!53 



Figure 6-2 Address Range Decoding 



6.10 PERIPHERAL CHIP ADDRESS DECODING 

The peripheral chip decoding logic is similar in function to the address range decoding logic (see Paragraph 
6.9), The difference is that this logic generates peripheral chip enable signals instead of memory chip 
enable signals. Peripheral chips are enabled according to the addressing scheme shown in Paragraph 6.5. 
The peripheral chip decoding signals are internal to the DCTl l-EM and are unavailable for expansion 
hardware. 

6.11 INTERRUPTS AND TRAPS 

Interrupt vectors are located as shown in Table 6-2. 

Interrupts are encoded and sent to the DCTU-AA for handling. The DCTll-AA also handles DMA 
requests and external vector requests via the interrupt logic. 

Some of the interrupt vectors above point to a "null" service routine. That is, they simply point to an RTl 
instruction. These include the power-fail, DLART transmitter, external, and 8251 A transmitter interrupts. 
If you do not write your own service routines and change the interrupt vectors accordingly, these interrupts 
will have no effect. 
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Table 6-2 Interrupt Vector Locations 



Interrupt 

Vector 

Address 



Priority 



Type of Interrupt 



000024 


„ 


000060 


4 


000064 


4 


000 1 00 


6 


000104 


6 


000120 


5 


000124 


5 


000140 


7 



HALT switch and HALT instruction 

Nonmaskable power fail interrupt (caused by pressing INT switch) 

DLART receiver (INT3) 

DLART transmitter (INT2) 

txternal interrupt (INTB) 

Keypad/LED scanning (INTA) 

8251 A receiver {1NT7) 

8251A transmitter (1NT6) 

DLART receiver break (INTF) 



Other vectors include the following. 

Vector Address Description 



000010 
000014 



Illegal instruction trap 
Breakpoint and trace service 



6.12 TIMING 

Fundamental timing signals are generated by: 

1. A 7.5 MH/. crystal oscillator which drives the DCTl 1-AA microprocessor 

2. A 614.4 KHz clock which drives the DLART. 

The 7.5 MHz signal is also divided down to 1.875 MHz to drive the 8251 A auxiliary serial line. These 
signals are unavailable for external use. 

6.13 MISCELLANEOUS CONTROL LOGIC 

There are pieces of logic spread throughout the DCTl 1-EM that generate miscellaneous control signals. 
The only signal that the miscellaneous control logic makes available to you is the signal RDY L, which, 
when asserted, causes a single cycle slip. Note that the installation of the jumper disables the on-board 
generation of RDY L. 

6A4 KEYPAD/LEDS 

The keypad/LEDs combination communicates with the rest of the DCTl 1-EM through the 8255A 
parallel port peripheral chip (sec Paragraph 6.5.1). Note that the lower four bits of port C arc decoded and 
are used to drive the LED anodes and keypad simultaneously. These lines are asserted sequentially in 
response to the INTA interrupt request. 

6.15 HALT AND INT SWITCHES 

The operaton of the HALT and INT switches is explained in Paragraphs 3.9 and 3.10, respectively. To 
summarize, pressing the HALT switch asserts the HALT signal which restarts the keypad monitor and 
unconditionally stops whatever operation was in progress. Pressing the INT switch asserts the PF signal 
which causes a power-fail interrupt. Power-fail interrupts have no effect unless you write a service routine 
(vectored by location 24) to handle the interrupts. 

Both HALT and PF are available to you via the 60-pin expansion connector. 
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6.16 CONNECTORS 

There are four male connectors on the DCTl 1-EM as follows. 



Function 

Connector for expansion hardware 
Power supply connector 
Auxiliary serial line 
Console serial line 

Jl, J3, and J4 are all standard size connectors. J2 is the connector you assembled when you installed the 
DCTl 1-EM. 

The pin assignments of these connectors are listed in Table 6-3. 





Number 


Connector 


of Pins 


Jl 


60 


J2 


4 


J3 


25 


J4 


25 



Table 6-3 DCTl 1-EM Connector Pin Assignments 
60-Pln Connector for Expansion Hardware (Jl) (see Figure 6-3) 

Description 



Fin 


Signal 


Number 


Name 


I 


ADOO H 


2 


ADOl H 


3 


AD02 H 


4 


AD03 H 


5 


AD04 H 


6 


AD05 H 


7 


AD06 H 


8 


AD07 H 


9 


AD08 H 


10 


AD09 H 


11 


ADIO H 


12 


ADD H 


13 


AD12 H 


14 


ADI3 H 


15 


AD14 H 


16 


AD15 H 


17 


AIOH 


18 


All H 


19 


AI2 H 


20 


AI3 H 


21 


AI4 H 


22 


AI5 H 


23 


A(6 H 


24 


AH H 


25 


GND 


26 


RESET L 


27 


PBOH 


28 


PBl H 


29 


PB2 H 


30 


PB3 H 


31 


PB4 H 


32 


PB5 H 


33 


PB6 H 


34 


PB7 H 


35 


HALT L 



AD<15;00> is the buffered version of DAL<15:00>, the bidirectional mul- 
tiplexed data/address lines of the DCTll-AA. 



Al<7:0> is the buffered version of the DCTl 1-AA's Al<7;0> address interrupt 
lines. Output only. During DMA transactions, these lines are set to the high 
impedance state. 



Buffered control signal. Output only. Corresponds to the DCTl 1-AA's -BCLR 

signal. 

PB<7:0> arc the bidirectional port B lines of the 8255A parallel port chip. 



Asserted when HALT switch is pressed. Open collector. 
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Table 6-3 DCTIl-EM Connector Pin Assignments (Cont) 
60-Pin Connector for Expansion Hardware (Jl) (see Figure 6-3) 



Pin 
Number 



Signal 
Name 



Description 



36 


PF L 


37 


DMR L 


38 


INTB L 


39 


VEC L 


40 


PI H 


41 


GND 


42 


ARD02 H 


43 


ARD03 H 


44 


ARD!? L 


45 


lACK L 


46 


DMG L 


47 


SELl H 


48 


SELOH 


49 


WLB L 



50 



WHB L 



51 


GND 


52 


RAS L 


53 


GND 


54 


CAS L 


55 


GND 


56 


DBIN L 


57 


GND 


58 


COUT H 


59 


GND 


60 


RDY L 



Asserted when INT switch is pressed. Open collector. 
External DiVIA request line. Input only. 
External interrupt request line. Input only. 

External vector request line. Input only. 

Buffered control signal. Corresponds to the DCTI l-AA's PI signal. Output only. 

Decoding signal for the address range 040000-057777. Output only. 

Decoding signal for the address range 060000-077777. Output only. 

Decoding signal for the address range I60000-I7777?. Output only. 

Buffered control signal. Interrupt acknowledge. Output only. 

Buffered control signal. DMA acknowledge. Output only. 

Buffered control signal. Corresponds to DCTI l-AA's SBLl signal. Output only. 

Buffered control signal. Corresponds to DCTI l-AA's SELO signal. Output only. 
Buffered control signal. Corresponds to DCTI l-AA"s R/-WLB signal. Set to 
high impedance state during DMA. Input or output. 

Buffered control signal. Corresponds to DCTI l-AA's R/-WHB signal. Set to 
high impedance state during DMA. Input or output. 



Buffered control signal. Corresponds to DCTlI-AA's -RAS signal. Output 

only. 



Buffered control signal. Corresponds to DCTI l-AA's —CAS signal. Output only. 



Buffered control signal. Read enable line. Output only. 



Buffered control signal. Corresponds to DCTI l-AA's COUT signal Output 
only. 

Cau-ses single cycle slip when asserted. Open collector. 
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Table 6-3 DCTIl-EM Connector Pin Assignments (Cont) 



Power Supply Connector (J 2) 



Pin 
Number 



Signal 
Name 



Description 



+ 12VDC 
+ 5VDC 
GND 
-I2VDC 



Power signal 
Power signal 

Power signal 



Auxiliary Serial Line Connector (J3) 



Pin 


Signal 


Number 


Name 


1 


FGND 


2 


peso 


3 


PCSI 


4 


PRTS 


5 


PCTS 


6 


PDSR 


7 


GND 



Description 



12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 



PDTR 



Frame ground 

Serial data out 

Serial data in 

Request to send 

Clear lo send 

Data sel ready 

Signal ground 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Nut used 

Not used 

Not used 

Not used 

Not used 

Not used 

Data terminal ready 

Not used 

Not used 

Noi used 

Not used 

Not used 
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Table 6-3 DCTll-EM Connector Pin Assignments (Cont) 
Console Serial Line Connector (J4) 



Pin 


Signal 


Number 


Name 


I 


FGND 


2 


DLSO 


3 


DLSI 


4 


RTS 


5 


~ 


6 


_ 


7 


GND 


fi 


- 


9 


- 


10 


- 


12 


_ 


13 


- 


14 


- 


15 


- 


16 


- 


17 


- 


18 


- 


19 


- 


20 


DTR 


21 


- 


22 


- 


23 


- 


24 


- 


25 


- 



Description 



Frame ground 

Serial data out 

Serial data in 

Request to send (always ON) 

Not used 

Not used 

Signal ground 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Data terminal ready (always ON) 

Not used 

Not used 

Not used 

Not used 

Not used 
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Figure 6-3 60-Pin Connector Pin Assignments 
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6.17 HARDWARE EXPANSION - EXAMPLE 

If you plan to deveiop and run large programs, one of the first expansion hardware circuits you may want 
to build is a memory module. Figure 6-4 shows a design for a 16 KB module. 

The module responds to addresses 040000 through 077777. The address range decoding signals, ARD02 
H and ARD03 H, are used to enable the module. 

Note that the signal names on connector Jl of the memory module arc in the opposite order as those 
shown on connector Jl of the DCTl 1-EM. This scheme eliminates the need to twist the interconnecting 
cable. 
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Conversion and Typeout Routines 

PoMfir-up Dia3nostics 

Special Data Structures 

Spare Locstions? Check3u»r and RDK I.D. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

id 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 



T-ll EVfiLUATIOfJ MODULE HCNITCR 
Version 1.0 3. E.G. Hu^soni K5- 

COPYRIGHT (C) 1?32 EY 

THIS SOFTIIARE IS fUR»(ISHED UHDER 6 LICENSE ftNB HAY B£ USEIi m CGPIEf 
ONLY W ACCORBANCE WITH THE TERMS OF SUCH LICEHSE fi!JD WITH TH: 
IKCLUSION OF THE ABOVE COPYRIGHT NOTICE. THIS SOFTWARE OR AHY C'KER 
COPIES THEREOF MAT MOT BE PROVIDED OR OTHERWISE MACE AVAILAPLE TO AtJY 
OTHER PERSON, HO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY 
TRMSFERRED, 

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHAHGE WITHOUT NOTICE 
AND SHOULD NOT BE CONSTRUED AS A COMhITMENT BY DIGITAL EQUIPMENT 
CORPORATION. 



DIGITM. ASSUMES NO RESPONSIBILITY FOR THE USE OR RELIABILITY 
SOFTWARE ON EQUIPMENT WHICH IS NOT SUPPLIED BY DIGITAL, 



OF ITS 
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1 




2 




3 




4 




5 




6 


000000 


7 


000001 


8 


000002 


9 


000003 


10 


000004 


u 


000005 


12 


000006 


13 


000007 


14 




15 


000024 


16 


000460 


17 


000064 


18 


000120 


19 


000124 


20 


000100 


21 


000104 


22 


000140 


23 




24 




25 


177440 


26 


177542 


27 


177442 


28 


177444 


29 


177544 


30 


177446 


31 




32 


177550 


33 


177450 


34 


177552 


35 


177452 


36 




37 


177560 


36 


177562 


39 


177564 


40 


177566 



JITIE T-U Evaluation Module Monitor 
.IDENT /OO.OOl/ 
tSBTTL Definitions 

JReSistera 



RO 


=X0 


Kl 


=21 


R2 


=X2 


R3 


=Z3 


R4 


=24 


R5 


=25 


SP 


=26 


PC 


=X7 


PFVEC 


==024 


CONIN 


==060 


CGNGUT 


==064 


AUXIN 


==120 


ftUXOUT 


==124 


USERIV 


==100 


am 


==104 


cmm 


==140 


P»PORA 


==177440 


PiPORI 


==177542 


PtPORD 


==177442 


P*PORC 


==177444 


P$PORD 


==177544 


P$CREG 


==177446 


AtRBUF 


==177550 


A«XBUF 


==177450 


AiSREG 


==177552 


AtCR£G 


==177452 


CSRCSR 


==177560 


CJftBUr 


==177562 


C*XCSR 


==177564 


CJXBUF 


==177566 



fpoMer fail vecton called bs INT button 
fDLART receiver interrupt vector 
fDLART transfiilter interrupt vector 
f8251 receiver interrupt vector 
r8251 transiitter interrupt vector 
runcoMitte(S interrupt vector 
fLED disflas inter FUpt vector 
fDLART break interrupt vector 



fa255 port A (write only) 
jport B (read only) available to user 
Jport B {write only) available to user 
fport C (write onla) controls bits 3-0 
(port C (read onla) reads bits 7-4 
(8255 coiisnd register (write pnla! 

;8251 receiver data buffer (read only) 

18251 transiitter detg buffer '.write onla) 

i8251 status register (read only) 

i3251 coHand register (write onla) 

iDLART receiver coaiand/ststus restster 
iRART receiver deta buffer 
(DLART transiitter coiisnd/slatus register 
iDLART transiitter data buffer 
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definitions 




1 




2 




3 




4 OOOOOO 




5 




6 


006500 


7 




8 


007320 


9 




10 


006500 


11 




12 




13 




14 




15 


007324 


1& 


007325 


17 


000001 


18 


000004 


19 


000010 


20 


000020 


21 




22 


007326 


23 


007327 


24 


OOOOOl 


25 


000002 


26 


000004 


27 


000010 


28 




29 


007330 


30 


007331 


31 


000002 


32 


004000 


33 


000100 


34 




35 


000200 


3& 




37 


007332 


38 




39 


007333 



?iflCR0V05,00 SmdaH i3-«3r-83 04;i0 Ps$s 2 

•SBTTL Scratchpad locations in hish RAh 

.ASECT 

SCRPDl == 6500 

TBLTOP == SCRPDUi20 

«UR == 6500 fTBLT0P-<66.l6> 



;7000 Ibotloi of default console lonitor sc^3tc^. 
fdefwlt ssibol table— 66. siwbol capacity 
ftof of svibol tabler 2 words of naiie scratch 



iconsole lonitor flaS bvte pairs—iust start at even address 



LIHFLG 


== 


TBLTOPH 


LASLIK 


== 


LIMFLG-tl 




F.SSTl 


=001 




F.NllL 


=004 




f,mt 


=010 




F.com 


=020 


CURCOM 


== 


LASLINtl 


LASCOH 


== 


CURCOK-fl 




r.NNEK 


=001 




F.tMLU 


=002 




F.UNDF 


=004 




F»USRD 


=010 


THPNOD 


== 


LASCOHn 


PERHOD 


== 


THPMODH 




f.ABS 


=002 




F.VT 


=<400»010> 




F.IKST 


=100 



F.BriH =200 
EXPFLG == PERHOMl 



LEVEL == 



EXPFLS+1 



pflafls related to parsinij of uhole lines 

isaved fU^s frot previous line 

rline contained STEP coaiand 

nine is {functionalls) eipti 

)U8 have saved e^pr for double parai coaiands 

iue are in s cooientf ignore characters 

{current coHsnd fla^s 

isaved flaSs froi previous coktand 

rwas an instruction inekonic 

ian undefined ssibol or directive 

(expression doesn't contain undefiried sasbols 

fuas a user defined SMbol or label 

{current output iode fl33s 
fperianent output tode fU^s 
(absolute vsluesr not symbolic output 

rvt lode on or off 
I instruction output 

fif neither ASCII nor instruction? then nuaeric 
ibyte tode 

fcurrent expression flsis 
{parenthesis level in expression 
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1 




2 




3 




4 


007334 


5 




6 




7 




8 




9 




10 




11 




12 




13 




H 




15 




U 




17 




18 




19 




20 




21 




22 




23 




24 




25 




2i 


007334 


27 




S8 


007340 


29 


007341 


30 




31 


007342 


32 


007343 


33 




34 


007344 


35 




36 




37 




38 


007345 


39 




40 




41 


00734^ 


42 




43 




44 


007400 


45 


007462 


4^ 




47 


007462 


48 


007464 


49 


007466 


50 


007470 


51 


007630 


52 


007631 


53 


007632 


54 


007672 


55 


007673 


56 


000200 


57 


000100 



fother variablesi 



mm == 



LEVEL+1 



idue to the varied uses of this locationr a 



CNTLC 



DELIH 



coiplete list is in order! 

DOCK! Ifiwn duipina locations in response to a <CR>» the next address 
after that which has been duiped is saved in case the neKt 
coMand line reauests another duBP. The value of ADVABR need 
only be kept intact between two successive eapty coiiand lines. 

I.BYTEp i.UWD. GETINS- subroutines of BETINS: 

These routines use APVADR as a running copy of the current 
address. The current address) 3s stored in 8*tA0IlRi lust not 
be chansed as successive values are deposited into RAH bn a 
sinale instruction or directive* because this uould alter Xhi 
value of the dot (.) ss»bol (current location reference). 

WSTMIIuses ADVADR to save R2f which points to the nase to t>e defined? 
while the value to be eauated is parsed. The value saved in 
R2 is an index to the nane on the left of the eouals si:3ni if 
the not is of>e of the predefined symbols or a user sssbol that 
has alreadt) been defined. 

TYPREGJuses ACVADR as a pointer to the list of registers to be typed. 

EFNm uses ADVADR to save the upper search ranae liitit before parsing 
the value and iask paraieters. 

rsaved expr value for double paraieter coHands 



fcounter for upper level routines 
icounter for lower level routines 

iaddressinS lode scratch— lust be even address 
Jsave operator here in expressions 

!CNTLC<0> set to 1 when console types "t ard 
tF.APPL is setj neaninS that the 
(Currently runnins prosrat has a "C handler 

ithe (ASCII directive stores the delititer here 

irtOH at 7346i boUo» of console lonitor stack 

fcansole lonitor has 38 word stack 

iHQllt interrupts need up to II stacV locations 

jnow at 7400j botto* of Keypad lonitor scratch 
f25 word stack for keypad iionitor 

jpointer to bottoi of syibol table space in use 

f3251 node flaas 

iconsole ionitor couand line repeat counter 

i96 character console line input buffer 

(buffer back pointen lust he even address 

fbuffer forward pointeri lust follow BP 

i32 character host input buffer 

tbuffer forward pointer 

ihost fla^s 

jl = taking input froii host 

;i = lookins for .START to be3in loading 



SAVEXP 


== 


ADVADfif2 


CQUNTl 


== 


SAyEXP+2 


C0UNT2 


== 


COUNTHl 


HODE 


== 


C0UNT2+1 


OPERAT 


== 


HODEfl 



OPERAT+1 



CMTLC41 



KJTTOH 


-- 


DElift^l 


SCRPAD 


ss 


B0TT0I1+32 


STACK 


" 


SCRPAD+62 


TBLBOT 


== 


STACK 


hF8251 


s= 


STACK + 2 


REPEAT 


== 


STACK 1 4 


BUFFER 


== 


REPEAT+2 


BP 


== 


BUFFERil40 


fP 


== 


BP+1 


H05TBF 


== 


FPtl 


HFP 


== 


HOSTBFHO 


HSTFLG 


== 


HFPfl 




F.LOAD 


=200 




F.LBST 


=100 
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58 


000001 


59 




60 


007674 


61 


007676 


62 


007700 


63 


007702 


64 


007704 


65 


007706 


66 


000001 


67 


000002 


68 


000004 


69 


ooooto 


70 


000020 


71 


000040 


72 


000100 


73 


900200 


74 


000400 


75 


001000 


76 


002000 


77 


004000 


78 


OlOOOO 


79 


020000 


80 


040000 


81 


100000 


82 




83 


007710 


B4 


000002 


85 


000010 


86 


000020 


87 


000040 


88 


000200 


89 




90 


007711 


91 




92 


007712 


93 




94 


007726 


95 


007730 


96 




97 


007732 


98 


007734 


99 


007736 


100 


007740 


101 


007742 


102 


007744 


103 


007746 


104 


007750 


105 


007752 


106 


007754 


107 


007756 


108 


007760 





F.EtYTB 


=001 


pwRrvs 


=; 


HSTFLG+1 


Kiim 


== 


PURFMSt2 


KEYPyS 


== 


SEYFIVf2 


USERVS 


== 


KEYPVSt: 


DEBNCE 


== 


USERVSt2 


FLAGS! 


== 


DEBNCEf: 




F.MTA 


=000001 




F.CHAH 


=000002 




F.ABDR 


=000004 




F.REG 


=000010 




F.BfiKS 


=000020 




F.FUNC 


=000040 




F.USER 


=000100 




f.SST 


=600200 




F.BRKA 


=000400 




F.BRKG 


=001000 




F.KEYP 


=002000 




F.HOST 


=004000 




F.APPL 


=010000 




F.TMS 


=020000 




F.PROT 


=040000 




F.PASl 


=100000 


CONFLG 


== 


FLAGSlt2 




F.STOP 


=002 




F.CPBO 


=010 




F.CPBl 


=030 




F,CPB2 


=040 




F.A64X 


=200 



AUXFLG == 



SEGBUF == 



CONFLG+1 



AUXFLG+I 



SPCLBF 


== 


SEDBUFtl4 


TIME 


== 


SPCLPF+2 


«R0 


== 


TI«E*2 


tRl 


== 


<R0t2 


«R2 


== 


«U2 


IR3 


== 


$R2t2 


$R4 


== 


$R3*2 


SR5 


== 


»R4+2 


♦SP 


== 


»R5t2 


$PC 


== 


*SPt2 


%?S 


== 


$PCf2 


iUATCH 


== 


$PS+2 


tADIiR 


== 


JUATCH+2 


BRKFIL 


== 


$ftBDRi2 



>1 =^ i^rtorina nessaae froi host {b^te bucket) 

;s3ve user's pouer fail vector here 

Jkeapress service vector 

Ssave user's Jcewf-ress vectcif here 

isave user's interrupt vector here 

(keypad debounce register 

fflss bits! defir*d as foUoMs 

;i = data entry iode 

11 = nuneric key pressed efter openins location 

)1 = sddress entry node 

;i = register selectiori modi; 

fl = breakpoint selection mode 

jl = special function selection mie 

fl = executifi3 user code 

fl = siriSie stepping 

tl = breakpoints active linstslled) 

j1 = currently steppina over a breakpoirit 

H = runnins console lonitor 

fl = accepting console coasan'Js froi both ports 

ft = runnins prosrai with "C handler 

!1 = print address break point is st 

il = ionitor scratch protection disabled 

fl = console ionitor PAS31 aode active 

fcofisole line flasis? sust be even address 
icontrol S pressedf executiori suspended 
fprosrauable baud rate stored here 



faux port tode ucrd bit<0>f selects 16X ar 64X 

fcDpy of what h35 been written to AJCREG 

»6 word sedient data buffer for LEP displeys 
fhiSh tate for ypper display- l-sw for lower 
fl uord buffer for special 2 character display 
fupper 6 bits coijril 60 seconds* lower 10 count 
feiahthundredths of seconds 
fsave user context here 



luatchpoint address 

fcurrent address 

ffile of four breakpoint add cess* contents pairs 
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1 

2 
3 

4 






5 

6 
7 
8 
9 


133000 








10 






u 






12 






13 133000 


010046 




14 133002 


010146 




15 133004 


113700 


177560 


16 133010 


100375 




17 133012 


013700 


177562 


IB 1330U 


100005 




19 133020 


012700 


000007 


20 133024 


004767 


000510 


21 133930 


000457 




22 






23 133032 


042700 


177600 


24 13303A 


0014S4 




25 133040 


120027 


000003 


26 133044 


0014S4 




27 13304A 


120027 


000031 


28 1330S2 


001461 




29 133054 


132737 


000002 007710 


30 133062 


001407 




31 133064 


120027 


000021 


32 133070 


001345 




33 133072 


142737 


000002 007710 


34 133100 


000433 




35 






36 133102 


120027 


000023 


37 133106 


001006 




38 133110 


15273? 


000002 007710 


39 133116 


106427 


000200 


40 133122 


000730 




41 






42 133124 


120027 


000017 


43 133130 


001004 




44 133132 


152737 


OOOOOl 007673 


45 133140 


000413 




46 






47 133142 


113701 


007631 


48 133146 


042701 


177400 


49 133152 


120127 


000140 


50 133156 


103320 




51 133160 


110061 


007470 


52 133164 


105237 


007631 


53 






54 133170 


012601 




55 133172 


012600 




56 133174 


000002 




57 







ft+ 



.5BTTL CoTisole Serial Lirie Support Routines 
133000 



LINEIN answers console input interrupts and buffers the incoiinS charscterst 
The characters "?» "C» "Qt "Oi "Sr and "Y and trapped in this routine. 



linein::kov 

HOV 



i<: 



5*; 



2i; 



3(: 



4$i 



8«: 



9»J 



NOVB 

BPl. 

HOV 

BPL 

MOU 

JSR 

BR 

BIC 

m 

CHPB 

BEQ 

CKPB 

BEQ 

6ITG 

BEQ 

CMPB 

BNE 

BICB 

BR 

CMPB 

BNE 

filSB 

MIPS 

BR 

CHPB 
BNE 
BISB 
BR 

HOVB 
BIC 
CMPB 
BHIS 

KOUB 
INCB 

HOU 

RTI 



ROt-(SP) 
R1»-(SP) 
etC<RCSfifRO 
It 

2i 

•0O7fR0 

PC-CtftOl 

9i 



Jpreserve soie registers for scratch 

iread console receiver status register 

fin polled udef wait for a character 

iread console receiver 

too error bits set 

fon error* output <EIELL> 

»t3fiofe chaficterf continye 



♦177600»RO fclear all but 7 bits 

9J fignore ASCII nulls 

R0.»003 ;is it "C? 

ii itfes 

R0»*031 fis it "Y? 

7i raes 

»F. STOP. MC0NFL6 fare we uaitina for "0? 

3$ jno 

R0f#021 fis it "Q? 

1$ fnO( wait for one 

#F. STOP. gKONFLGf clear "S flag 

9% fiSnore character? continue 

R0r«023 ;isii"sr 

4$ fno 

*F. STOP fPJCONFLGi set "S flag to suspend e>!ecution 

♦200 faccept other interrupts uhile suspended! 

1( inait for "Q 

RO.#017 fis it "0' 

8$ fno 

♦F,BYTB»e#HSTFLG»turn on host line bate bucket 

9$ 

e»FP.Rl fget buffer input pointer 

tl77400»Rl fprevent sian extend 

Rlr»140 fis buffer full' (96 characters) 

5J ;yes» send <BELL. 

ROfBUFFER(Rl) fno? store character 

e#FP fadvance pointer 

fSP)+(Rl irestore registers 

(SP)tiRO 

fand continue 
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007706 6t; 



007344 



SB 133176 


032737 


030000 


59 133204 


001404 




60 133206 


152737 


OOOOOI 


61 133214 

62 

63 133216 


000765 




012700 


054536 


64 133222 


004767 


000302 


65 133226 


042737 


000300 


66 133234 


000167 


004330 



7»: 



007706 



Sunday 13-M3r-83 04110 Paae 5-i 



BIT IF.APPL4F,TBfiS.?»FLftGSl rstcp on T? 

BEG 7J -Besf not runrans proSraa with "C hondler 

PISS tlil?*CNTLC inoi Just set fiss for spplicotior. f^rcar^i. 

BR 9% iand return 

HOU *40O»131+136»R0 :"C and "Y tersinate execution 

JSR PC.CHROUT ity?e "Y' 

BIC »F.USER+F.SST.0tFLi^6Sl iclear user pro3rsB fl=3s 

JMP $MONIT ireiove breakpoints' enter sofiitor 
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3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
39 

30 133240 

31 133244 
32 

33 133250 

34 133254 

35 133260 

36 133264 

37 133270 

38 133272 

39 133276 

40 133304 

41 133306 

42 133312 

43 133314 



H 



GETLIN proipts for a line froi the consolet and returns with the line :n 
BUFFER and R3 clearefJ. lipofi entrsr BP should ifids;: the buffer Position 
Just beyond the last character previously taken fron the buffer (if typeahead 
characters are desired). To throw sway the typeahead characters! set PP anj 
FP to zerot 

The characters typed on the console (and am earlier tapeahead characters) 
are echoed to the console followird the proiiptr '' '. Note that the ECHO 
routinef which uas specialized for use uith sonitor coaftsnd input? echoes 
control characters as "■'<ch3rscter/ until a seisicolon is found on tht? line. 
Control characters to the riShl of a seaicolon (i.e. within a 'coaaient') ^re 
echoed invisibly so that the user can echo control seouence; to tht coniol-: 
tertinali 



Uses! 



Returns! 



105037 007324 

004767 000200 

004767 000250 

012700 020076 

004767 000244 

123703 007631 

001775 

004767 000644 

126327 007467 000015 

001367 

105037 007324 

005003 

000207 



getlin::clrb 

JSR 



i»; 



2$: 



JSR 

MOV 

JSR 

CHP8 

BE8 

JSR 

CMPB 

BNE 

CLRB 

CLR 

RT5 



Index to BUFFO! location Just beyond last fetched character 
(which is the location that contains the first charjcter ir; 
the ne« line) 



BP 
R3 

BUFFER 



FP 



Cleared 

Cleared 

Locations indexed by entry value of BP throuSh the end of the 

buffer replace contents of locations at the beSintiinS of the 

buffer 

Adjusted to index the new next available location in the buffei 



eiLINFLG 
PCtPURGE 

PCfCRLF 

t400tO4OIO76rRO 

PCrCHROUT 

«fPjR3 

2i 

PC^ECHO 



freset line parsing flaSs for neu line 
JpurSe botto» of buffert clear runnina pointer 

fstart 3 new line 
ftype > <SPACE> 



fsee If a character has been taped 

iftoj wait for one 

iecho character to console 
BUFFER-l(R3)t*015 Jis last character a <CR>' 
2t inoi wait for one 

e»LINFLG freset line flaas froi ECHO 
R3 iset running pointer to besinnina of lire 

PC ireturn to caller 
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1 

2 






3 






4 






5 






6 






7 






8 






9 






10 






11 






12 






13 






14 






15 






U 






17 






18 






19 1333U 


116300 


007470 


20 133322 


005203 




21 133324 


120027 


OOOOll 


22 133330 


103423 




23 133332 


120027 


000040 


24 I3333i 


001403 




25 133340 


120027 


000014 


26 133344 


101003 




27 133346 


000270 




29 133350 


000241 




29 133352 


000207 




30 






31 133354 


120027 


000141 


32 133360 


103407 




33 133362 


120027 


000172 


34 133366 


101004 




35 133370 


U2700 


000040 


34 133374 


000261 




37 133376 


000401 




38 133400 


000241 




39 133402 


000250 




40 133404 


000207 




41 







ii 



GETCH retrieves characters froi the ir^put buffer usina R3 as sn inde;;. 
The character is placed in tfte lower 7 bits of RO. Lower esse characters 
are folded ta upper case. The N fl39 is set if the character is ^ separator 
(spscei horizontal taij- vertical tabi line feedr or forii feed) and the C fls3 
is set if the character has been folded. Upon entryi R3 aust inds'.; s bate 
within the console input buffer (R3 < 140 octal or 96. deciBsl). 

Uses' R3 Index to ne>:t chsracter in console laput buffer (PUFFER) 



Contains character fetched froa BUFFER in lower 7 biti' 

upper bits cleared 

Set to previous value t 1 

See couents above 



6UFFER(R3)iR0 tses* det a chapacter— bit 7 should be clear 



iis it less than <TAB>? 
Jsbsf rrot 3 separator 
Us it a space? 
iaest a separator 
hs it <FF> or lower? 
imi check for lower case 
if las a separator 



(IS it lower case 'a'? 
Ino) don't fold 
fis it lower case 'z'? 
rior don't fcU 
ffold to upper case 
iflaa folded character 

ifle3 a noriai character 





Returns! 






RO 






fi3 




;__ 


N<( 




GETCH 


;; KOVB 


BUFFER ( 




re 


R3 




CHPB 


RO.iOU 




BLD 


3< 




mi 


Rl)ft040 




B£Q 


2$ 




CHPB 


R0r*014 




BHI 


4( 


2»; 


SEN 
CLC 






RTS 


PC 


4$: 


CHPF 


R0>*141 




BLO 


3$ 




CNPE 


R0rtl72 




BHI 


31 




SUB 


♦040,RO 




SEC 






BR 


5t 


3(; 


CLC 




5*1 


CLN 
RI$ 


PC 
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3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 

15 133406 

16 133410 
17 

18 

19 133412 

20 133416 

21 133420 

22 133424 
23 

24 
25 
26 
27 
28 
29 
30 

31 133426 

32 133432 

33 133434 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

48 133436 

49 133442 

50 133446 
51 



H 



.ENABL LSB 
6ETLCH recovers the Mst recently Sotten character. 

Uses! R3 



Returns I 



005303 
000742 



004767 177700 
103002 

062700 000040 
000207 



GETLCK! IDEC 
BR 



R3 
RO 



R3 
KTCH 



Index to location in BUFFER Just beyond character to be 
returned 



Eo'Jal to previous value 

Contains fetched character in lower 7 bits? upper bits cleared 

(See header of GETCH routine) 



iKTCHC is like 6ETCH except it doesn't fold lower case. 
GETCHCJtJSR PC.GETCH 
2ti BCC IJ 

m 4O40fR0 
lil RTS PC 



++ 



004767 177664 

100775 

000207 



GETNXT is like GETCH except it doesn't return separators. 
(See usa^e infortation of GETCH) 



GETNXTIJJSR PC»GETCH 
m GETNXT 
RTS PC 
.DSABL LSB 



4+ 



GETBP Places the back pointer in R3 and prevents si^n extension. This is 
useful to refetch characters froi a line [providing BP still indexes the 
be^inninfi of the line). 



Uses! BP 

Returns! 

R3 



Index to be transferred to R3 



Contains value in BP 



113703 007630 
042703 177400 
000207 



getbp:! houb 9m,it2 

BIC *177400iR3 
RTS PC 
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1 

2 

3 

4 

5 

& 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 

17 133450 
IB 133452 

19 133456 

20 133462 

21 133464 

22 133470 

23 133472 

24 133500 

25 133502 

26 133504 
27 

28 133506 

29 133512 

30 133516 

31 133520 

32 133522 
33 

34 
35 

36 

37 

38 

39 

40 

41 

42 133524 

43 



++ 



PURGE shifts the input buffer to elitinste space below 6Pt the b3ck pointer. 
Console inF>ui interrupts are blocked uhile the shift is occurring. R3i the 
running pointer? is cleared. 



Uses: 



Returns! 



106746 

106427 
004767 

005000 
120337 
103006 
116360 
005200 
005203 
000767 



U0037 007631 
105037 007630 
005003 
106426 
000207 



000340 
177754 

007631 
007470 007470 



2*: 



purge:: hfps 

«T?S 

jsit 

CIR 

CHPB 

BNIS 

HOVB 

INC 

INC 

BR 



BP Inde:: of first location to be kept in console input buffer 

(Locations below BUFFER+CBP] are overwritten) 
FP Index of first unused location in BUFFER 



BP Cleared 

R3 Cleared 

FP Indexes neu first unused locstian in BUrFER 



-(SP) isave priority 

t340 idisable interrupts teiporarilu 

PC.GETBP ;«t back pointer 

RO ptafce 3 pointer to the bottoi of the buffer 

R3tP#FP (has entire buffer been transferred? 

1» fyes 

8UFFER(R3)rB0FfER{R0) Jtrsnsfer a character 

RO 

R3 

2J 



i»: 



HOVE R0r9trP 

CLRB e»BP 

CLR R3 

MTPS (SP)4 

RTS PC 



ifix forward pointeri 
ibsck pointer) 
iand running pointer 
i restore priority 



H 



CRLF sends a carriage return and line feed to the console (and printer). 

Returns: 

RO Contains Sarbade (400 t 15 + 12) 



012700 005015 



crif:: hov 



»400»012-tOI5.RO f<CR>. <LF; 
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3 
4 






5 






6 

7 
8 






9 






10 






11 






12 






13 133S30 


004767 


000004 


14 133534 


105700 




15 13353i 


001431 




16 






17 133540 


105737 


177564 


18 133544 


100375 




19 133546 


110037 


177566 


20 133552 


000423 




21 133554 


132737 


000004 177552 


22 133562 


001774 




23 133564 


105737 


177552 


24 133570 


000240 




25 133572 


106746 




26 133574 


106427 


000340 


27 133600 


U2737 


000047 177452 


28 133606 


110037 


177450 


29 133612 


113737 


007711 177452 


30 133620 


106426 




31 133622 


000300 




32 133*24 


000207 




33 







t+ 



CHRDUT outputs the louer biJte of RO to the console* and to the aux port 
if the printep port bit is set. If the upper bale of RO is non-zerof 
it is also sent to the porKs). CHROl outputs onla the lower b«te of ROt 
artd CHR02 cari be used to outpyt a character to the aun. port onla. 

Uses: RO Lower bute contains first ASCII character to be output 

Upper bate contains zero or second character to be output 





.EMABL 


LSB 




CHROUT 


:jsr 


PC > CHROl 


routput lower half of RO 




TSTB 


RO 


fis there a second character? 




BEG 


1$ 


iDO 


CHROl : 


TSTB 


etCIXCSR 


icheck console transiitter status resister 




BPL 


CHROl 


rwait until transkitier readti bit is set 




HOUEl 


W^KiXmf 


ilhen output a character 




SR 


li 


SnO' done 


CHR02; 


BITS 


m^fiiMSREG 


Jig suK port transmitter e*pty? 




m 


CHR02 


ino? wit until it is 




TSTB 


MAiSREG 


Jis BSR active? 




MOP 




fplacebolder for above line 




HFPS 


-(SP) 


fsave priority 




«TPS 


«340 


iblock interrupts while we 




HOVB 


*047,BtAiCREG 


ienable aux port transbitter 




KDUB 


ROi»A$XBUf 


foutput 3 character 




NOVB 


P4AUXFLGf@IA$CREG irestore previous aux port cobiand uord 




MTPS 


(SP)t 


}re$tore pi-iority 


U! 


SWAB 


RO 






RTS 


PC 






.D5A6L 


LSB 
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1 

2 






3 






4 






5 






& 






7 






a 






9 






10 






11 






12 






13 






14 






15 133624 


042700 


177600 


16 133632 


120027 


000177 


17 133636 


001413 




18 133640 


120027 


000040 


19 133644 


10 I 331 




20 133646 


001416 




21 133650 


120027 


000033 


22 133654 


001422 




23 133656 


000300 




24 133660 


062700 


040136 


25 133664 


000721 




26 






27 133666 


012700 


042074 


28 133672 


004767 


177632 


29 133676 


012700 


046105 


30 133702 


000415 




31 






32 133704 


012700 


051474 


33 133710 


004767 


177614 


34 133714 


012700 


037120 


35 133720 


000703 




36 






37 133722 


012700 


042474 


38 133726 


004767 


177576 


39 13373? 


012700 


041523 


40 133736 


004767 


177566 


41 133742 


012700 


000076 


42 133746 


000670 




43 







SundBs 13-llar-83 04110 P33e 11 



.SBTTL General I/O Support Routines 



H 



ASCOUT outputs the character in RO to the port(s) if it i5 not 3 corilrol 
character. If so» the special seouerices '"A' through '"-' are sent with 
exceptions <SP>t <ESC>t and '[iEL>. 



Uses: 
Returns: 



RO Lower 7 bits contain character to be printed 
RO Contains Garbage 



ASCOUT 


:bic 


»177600pRO 


fuke RO d 7-bit character 




CMPB 


R0»I177 


pis it delete? 




B£Q 


U 


fsesr twe <KL/ 




C«PB 


R0»»040 


lis it CORtfOl? 




BHI 


CHROUT 


inop tijpe it narBslliJ 




8£G 


5i 


iuke spaces visible 




CHPB 


ROII033 


fis it escape? 




BEO 


3« 


ises, type 'ESO 




SUAB 


RO 


inoi tupe "(letter) 




ADD 


t400tlOOtl36rRO 


iiake it second character after 




BR 


CHROUT 


iand type it 


1$: 


HOV 


*400«104+074iRO 


Stupe <D 




JSR 


PCfCHROUT 






m'j 


1400*114+105, RO 


itype EL 




m 


At 




5t: 


KOU 


♦400*123+074 pRO 


ftype <S 




JSR 


PCCtHROUT 






MOV 


♦400*076+120 »R0 


ftype P> 




BR 


CHROUT 




3t: 


HDV 


♦400*105+074 -RO 


ttspe <E 




JSft 


rC- CHROUT 






«oy 


»400*103+i23TR0 


Hype SC 


4s: 


JSR 


fCtCHROUT 






HOV 


♦076 1 RO 


ftype > 




BR 


CHROUT 
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3 

5 

i 

7 

8 

9 

10 
11 
12 

13 133750 004767 177564 

14 133754 112100 

15 133756 001374 

16 133760 000207 
17 

18 



H 



PRINTA prints an ASCII strins pointed to by Rl. The strir.3 Bust end with s 
bl3fiV. byte. 

Uses; Rl Points to strinS of bates to be printed 

Returns! 

Rl Points to byte Just besond first fcyte in string conteinins zero 



.EHABL ISB 

IC JSR PC'CKRQl 

printa::kovb <Ri)+tRO 

BN£ It 

RTS PC 

.DSABl LSB 



(aet a character froa strins 
rprint it 



A-14 



T-11 Evslustion Hodule Koriiior 
General I/O Support Routines 



HACRO V05.00 SurKtas 13-h3r-83 0^:iO Paae 13 



3 






4 






5 






6 






7 






6 






9 






10 






11 






12 






13 






14 






15 






16 






17 






18 






19 






20 






21 






22 






23 






24 133762 


004767 


000016 


25 1337iA 


012201 




26 133770 


001374 




27 133772 


000207 




28 






29 






30 133774 


012201 




3i 133776 


004767 


000002 


32 134002 


012201 




33 






34 134004 


004767 


000004 


35 134010 


W4747 


OOOOOO 


36 






37 134014 


005000 




38 134016 


005200 




39 134020 


162701 


003100 


40 134024 


103374 




41 134026 


005300 




42 134030 


062701 


003100 


43 134034 


00476? 


000062 


44 134040 


OOS700 




45 134042 


001413 




46 134044 


020027 


000033 


47 134050 


103413 




48 134052 


001415 




49 134054 


020027 


000035 


50 134060 


001415 




51 134062 


062700 


000022 


52 134066 


000167 


177436 


53 






54 134072 


012700 


000040 


55 134076 


000773 




56 






57 134100 


062700 


000100 



++ 



PRINT outputs 2 r3<iix-50 sitins pointed to bs R2. The strins tust end with 

a blank wrd> 

PRINTl outputs 3 sinsle r3di>:-50 triplet in Rl. 

PRINT2 outputs 3 P3ir of radix-SO triplets pointed to by R2. No teninator 

is neetted. 

PRINT3 outputs the lost sianificsnt r3dix-50 ch3r3cter in Rl and iultiplies 

Rl by 40. (PRIKT3 is i:3lled 3 tiies by PRINTl.) 



Uses: 



Returns: 



R2 Points to RftDSO strinS to be printed (PRINT) 

Points to RAD50 pair of words to be piinterf (PRItJT2J 

Rl Contains RAI150 triplet to be printed (PRIKTl) 
ConUins RAII50 chspscter to be printed mWl) 



R2 Points to next word after blank word in RAD50 string (PRINT) 
Points to wrd after the pair of uords printed (PRINT2i 

Rl Contains zero (PRINT. PRINTl » PRINT2) 

Contains <previous value of Rl> HOD 1600. I 40. (PRINTS) 





.ENABl 


ISB 




1*: 


JSft 


PC.PRINTl 


ftape the triplet 


print: 


NOV 


(R2)t>Rl 


fwt 3 triplet 




BNE 


1$ 


inot the end wt 




RTS 


PC 






.BSABL 


LSB 




PRINT2 


mv 


(R2)+iRl 


iaet 3 triplet 




JSR 


PC F PRINTl 


ftype it 




m 


(R2)t.Rl 


rSet another 


PRINTl 


:jsr 


PC»PRINT3 


;type the first charscter 


PRINT4 


JSR 


PC.PRIMT3 


{and the second 


PRIHT3 


:ciR 


RO 


(divide by successive subtrsc 


1*: 


INC 


RO 






SUB 


t5OI50iRl 


Hra to subtract 1600, 




BCC 


1$ 


rworlted) no borrou 




DEC 


RO 


ifix RO 




ADD 


*50t50rRl 


Sand Rl 




JSR 


PCfRlX40 


fiuUipls Rl if'i 40 




TST 


RO 






BEQ 


2$ 


fO leans space 




CMP 


R0**033 


i032 leans Z 




BLO 


3S 


>A through I 




BEQ 


4) 


;033 ieans $ 




CMP 


R0f*035 


f035 is undefined! but tape * 




BEG 


5* 






ADD 


t022rR0 


iO through 9 and '.' 


6i: 


JMP 


CHROUT 




2i: 


MOU 


*040>R0 


►type spate 




BR 


6( 




3i: 


m 


tlOOfRO 


tA throu^ Z 
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5B 134104 


000770 


59 




60 134106 


012700 000044 


61 134112 


000765 


62 




63 134114 


012700 000052 


64 134120 


000762 


65 




66 134122 


006301 


67 134124 


006301 


68 134126 


006301 


69 134130 


010146 


70 134132 


006301 


71 134134 


006JOI 


72 134136 


062601 


73 134140 


000207 


74 





PR 



6» 



4i: 


HQV 


I044.ro 


ftvPC i 




BR 


6« 




5JI 


NOV 


»052.RO 


ftid^e t 




BR 


6t 




RIX40I 


: A5L 


Rl 


TiuUipliii Rl b» 8 




ASL 


Rl 






ASL 


Rl 






m 


Rlf-(SP) 


;53ve 8 X 




ASL 


Rl 






fta 


Rl 


(32 X 




A&R 


(SP)ttRl 


rplus 8 X iskes 40 X 




RTS 


PC 
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1 

2 
3 
4 
5 
6 
7 
8 
V 
10 

u 

12 
13 
14 
15 
U 
1? 
18 

19 134142 

20 134146 

21 134152 

22 134154 

23 134160 

24 134162 

25 134146 

26 134172 

27 134174 

28 134200 

29 134202 

30 134206 

31 134210 

32 134214 

33 134216 

34 134224 

35 134232 

36 134234 

37 134240 

38 134242 

39 134246 
40 

41 134250 

42 134252 

43 134256 

44 134262 

45 134264 
46 

47 134266 

48 134270 
49 

50 134272 

51 134276 

52 134302 

53 134306 

54 134312 
55 

56 134314 

57 134320 



116300 
120027 
001447 
120027 
001002 
012700 
120027 
001450 
120027 
001432 
120027 

001453 
120027 
001003 
152737 
132737 
001006 
004767 
100404 
004767 
000403 

005203 
004767 
120337 
103727 
000207 

005203 
000207 

004767 
004767 
004767 
106427 
000761 



H 



ECHO reads the line buffer as chsrecters sre typed in and echoes thea 
to the console (and printer^ if selected), Control characters are echoed 
as "(letter) excefi within coiients. LINflG is used to record cowent status. 
If ECHO encounters "Ri "Uj "Xr or <DELETE>j it responds or wdifies the line 
buffer accordingly. ECHO begins echoing characters at the running pointer 
(R3) and continues until R3 = FP or a <CI\> is found. 



Uses: 



Returns 1 



007470 
000022 

000030 

000025 
000025 

000015 

000177 

000073 

000020 
000020 

177152 
177360 



177252 
007631 



007324 
007324 51 : 



14$: 



echo:: hovb 

BEQ 

CHP8 

BHE 

Hog 
3$: C«PB 
BEQ 
CMPB 
BEQ 
CMPB 
BEQ 
CMPB 
BNE 
BIS6 
BITB 
BNE 
JSR 
BHI 
JSR 
BR 



000172 
000210 
177130 
000000 



7j; 
6«: 
8i: 



17$: 



i»: 



004767 000150 
004767 177112 



2$: 



INC 
JSR 
CMPB 

BID 
RT5 

m 

RTS 

JSR 

JSR 
JSR 
MTPS 
BR 

JSR 
JSR 



R3 

fP 



R3 



Index to first character in BUFFER to be echoed 
Index to end of data in buffer 



Index to location in BUFFER logically Just beyond last echoed 
bate (This teans R3 returns zero if "U or "X was the last 
character in the buffen etc.) 



BUFFER(R3}iR0 iiei character 

80.1022 hs it "R? 

1$ fyesi retype line 

R0.I030 !is it "f 

3t fno 

♦025 fRO )I3p "X to "U 

R0.#025 lis it "U? 

2% l^esf cancel line 

R0j*015 ;is it <CR>? 

17* fyest stop echoing characters 

R0,*177 lis it <I)£LETE>' 

4$ ryesi delete last character 

R0if073 lis it a seiicolon 

5t ino 

*F.C0Mhf8ILINFL6fyest show we are in a coaaent 

♦F.COMMretLlNFLGIare m in a coB»ent? 

7$ ?yesi echo characters literally 

FC.GETCHC 

6t 

PCjflSCOUT Itype non-printable characters visibly 

8i 

R3 Jadvance running pointer 

PCjCHROUT itype non-printable characters as they are 

R3)?tFP (have ue echoed everything? 

ECHO inot do sone iiore 

PC iciest continue 

R3 istep past <CR; 

PC fand return 

PCrlOt Tsoie coftion code 

PCj15I frenove "R froa line 

PCtGETBP ;ao back to the beSinnins 

♦000 itake characters again 

e$ Tand echo line 

PCtlOJ fsoie coaton code 

PCfGETBF t2o back to the bottos of the buffer 
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58 134324 


110337 


007631 




HOVB 


R3»?*FP 


» indicate buffer aapla 


59 134330 


106427 


OOOOOO 




KTPS 


♦000 


rtaVe charactQr^ adain 


60 134334 

61 

62 134336 


000207 






RTS 


p: 


iuait for new characters 


106427 


000200 


4(: 


MTPS 


*200 


fdon't take characters while buffer is fi;;ed 


63 134342 


004767 


000144 




JSR 


PC»15» 


tre»ove 'DELETE/ froi Urtet decreiient FP 


64 134346 


120337 


007630 




ChPB 


R3rHBP 


lis there aniithiri^ to delete? 


65 134352 


001443 






BEQ 


9* 


inof continue 


66 134354 


005303 






DEC 


R3 


iback UP to character to be deleted 


67 134356 


032767 


004000 


052744 100*1 


BIT 


#F.VT,THPMOD 


isee if video itade 


68 134364 


001415 






BEQ 


200* 


(branch if not 


69 134366 


012700 


00001 




MOV 


ttOfRO 


rsend backspace 


70 134372 


004767 


177132 




JSR 


PC.CHROUT 




71 134376 


012700 


000040 




Moy 


*40)R0 


tsend space 


72 134402 


004767 


177122 




JSR 


PCfCHRDLIT 




73 134406 


012700 


000010 




MOV 


tlOpRO 


rsend backspace 


74 134412 


004767 


177112 




JSR 


PC.CHROUT 




75 134416 


000410 






BR 


210« 


iskip printer '\' 


76 134420 


012700 


000134 


200tl 


MDV 


tl34iR0 


ftspe '\' 


77 134424 


00476? 


177100 




JSR 


PC.CHROUT 




76 134430 


116300 


007470 




MOVB 


BUFF£R(R3)jJiO 


jset deleted character 


79 134434 


004767 


177166 




JSR 


PC.ASCOUT 


!t«pe it 


80 134440 


116300 


007470 


2io»; 


MOVB 


BUFFERiR3)»R0 


icheck if Me deleted a 'f 


81 134444 


120027 


000073 




C«PB 


R0»#073 




82 134450 


001002 






mi 


13» 




83 134452 


105037 


007324 




CLRfi 


0*LIMFLG 


faesr so we aren't in a coiiBent arianore 


B4 134454 


004767 


000030 


13(1 


JSR 


PCtl5t 


ireiove deleted character froi. buffer 


85 134462 


106427 


OOOOOO 


9j: 


MTPS 


4000 


itake characters a^airi 


86 134466 

87 

88 134470 


000673 






BR 


8t 


fecho rest of line 


106427 


000200 


10$: 


MTPS 


*200 


(don't take characters for a while 


89 134474 


004767 


177126 




JSR 


PCtASCOUT 


jecho the special character 


90 134S00 


004767 


177020 




JSR 


PCfCRLF 


rstsrt a neu line 


91 134504 


105037 


007324 




CLRB 


e»LINFLG 


(initialize flaSs 


92 134510 

93 

94 134512 


000207 






RTS 


PC 




110300 




15$: 


MOVB 


R3rR0 


iset a scratch copy of running pointer 


95 134514 


116060 


007471 


007470 16«! 


MOVE 


BUFFERn(RO)iBUFFER(Rfl) iresove 1 chcrscter froa buffer 


96 134522 


005200 






INC 


RO 




97 134524 


120037 


007631 




CHPB 


R0»8*FP 


Us that evefsthins? 


98 134530 


10377J 






BLO 


16$ 


(no* do tore 


99 134532 


105337 


007631 




6ECB 


?*FP 


;fi>; FP 


100 134536 


000207 






RTS 


PC 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 134540 

12 1345^2 

13 134544 

14 134550 

15 134556 

16 134560 

17 134564 

18 134566 

19 134572 

20 134574 

21 134600 

22 134602 

23 134606 

24 134610 

25 134614 

26 134520 

27 134624 

28 134626 

29 154632 

30 134636 

31 134642 

32 134644 

33 134652 

34 134654 

35 134660 

36 134664 

37 134670 

38 134676 
39 

40 134700 

41 134704 

42 134710 

43 134714 

44 134722 

45 134726 

46 134732 

47 134736 

48 134740 

49 134742 
50 
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++ 



.SBTTL Host Line Support Routines 



HOSTIN answers aux. port receiver interrupts and buffers the incoiinS 
characters in HOSIPF iup to 32 chsracters). "?i "Ci "S. and "Y are iariored 
coiinS froi this port. When the buffer becosies half-full (16 characters) j 
a "S is sent to the host. 



010046 
010146 
113700 
132737 
001050 
042700 
001464 
120027 
001453 
120027 
003450 
120027 
001445 
113701 
042701 
120127 
103036 
110061 
105237 
120127 
103435 
132737 
001031 
106466 
■012700 
004767 
152737 
000417 



177550 
000060 177552 

177600 
000003 

000031 

000023 

007672 
177400 
000040 

007632 
007672 
000020 

000002 007673 

000006 
000023 
176664 
000002 007673 



HDSTIMJtHOV 

mi 
mi 

BITB 

SHE 

BIC 

BEQ 

CrtPB 

BEQ 

CHPB 

BEO 

CMPB 

BEQ 

H0V6 

BIC 

CftPB 

BHIS 

MOVB 

INCB 

CMPB 

SLO 

BITB 

6NE 

HTPS 

NOV 

JSR 

BISB 

BR 



113701 007711 

052701 000020 

110137 177452 

113737 007711 177452 

012700 000007 

106466 000006 

004767 176602 

012601 

012600 

000002 



31 : 



If 



ii: 



MDUB 

BIS 

MOVF 

HOUB 

KDV 

HTPS 

JSR 

mv 

MOV 
RTI 



Jpreserve sone registers for scratch 

fdet the characterr reset interrupt 

ifraiina or overrun error? 

jyesj beep console? and ianore character 

jclear all but 7 bits 

; ignore ASCII nulls 

jisnore "C 

fand "Y 

tand "S so that host line traps the ssae chars 

las console linei even though ignored 

(Set the host buffer input pointer 

fprevent sisn extend 

;is buffer full? 

iyesi beep the consolei ianore error 

}nO) store character 

fadvance the pointer 

;is buffer half full? 

fnoi return 

*F. STOP. ?*HSTFlGf have «e alreada sent "S to hcst' 
1$ f'jesr return 

6(SP) jrestore priority in case another char co»es in 

♦023»R0 jsend "S to host 

PCtCHR02 

♦F.STOPfStHSTFLGishow ue have done so 
It 

e»AUXFL6fRl (get saved copy of AiCREG 

I20»R1 iadd the error reset bit 

RliMAJCREG ireset errors 

HAUXFLGiPJAICREG i restore to nomal 

#007(RO ibeep the console on error 

6(SP) frestore priority in ca^e Eriother char cones in 

PCfCHROi 

(SP)+(R1 jrestore re^isteri 

(SP)+»RO 



RO.-(SP) 

RI»-(SP] 

HAIRBUF*RO 

*060t»A$SREG 

3« 

tl77600fRO 

II 

R0*#003 

2% 

R0f#031 

2» 

R0.f023 

2( 

e«HFP>Rl 

♦177400.R1 

Rh#40 

2$ 

ROiHOSTBF(Rl) 

MHFF 

Rl.»20 

1« 
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6 

7 

8 

9 
10 
11 
12 
13 
H 
IS 
U 
17 
18 

19 134744 

20 13474A 

21 134752 

22 134754 
33 134760 

24 134742 

25 134770 
26 

27 134772 

28 134774 

29 135000 

30 135004 

31 J3500A 

32 135014 

33 1 35014 
34 

35 135020 

34 135024 
37 135024 
39 135034 

39 135034 

40 135044 

41 135046 

42 135052 

43 135054 

44 135054 

45 135060 
44 135042 
47 135066 
48 

49 135074 



++ 



HGETCH Sets 3 character fpoi the host input buffer and shifts the buffer down 
one character. If the buffer is reduced froi 16 or lare characters to Just 
fouri 3 "Q is sent to the host. Do not call this routine if no characters 
are available in HOSTBF (i.e, HFP = 01. 



Usesl 



Returns! 



005001 

113746 007632 

005201 

120137 007672 

103004 

114161 007632 007631 

000770 

106746 

106427 000340 

120137 007672 

103005 

116141 007632 007631 

005201 

000770 

105337 007672 

005000 

123727 007672 000004 

101006 

132737 000002 007473 

001402 

012700 000021 

106424 

112401 

005700 

001405 

004747 174446 

142737 000002 007473 

000207 



HGETCHnCLR 
HOVB 

1«: INC 
CHPB 
BHIS 

muB 

BR 



39; 



A%\ 



5<! 



2$; 



6t; 



MFPS 

«TPS 

CMPB 

BHIS 

KOVB 

INC 

BR 

DECB 

aR 

CHPB 
BHI 
BITB 
B£Q 

mv 

MTPS 

HOVB 

TST 

BEQ 

JSR 

BICB 

RTS 



HFP Index to next available location in HOSTBF 
F.STOP Status flaa =1 if a "S has been sent to the host 



Rl Lowp byte contains the first character in tTOSTErr upper byte 

contains si^n extensiori of bit 7 
HFP Decreiented to index new next available location in HOSTBF 
F.STOP Cleared if "0 was sent 
RO CoTttains Sarba^e 



BWOSreF.-(SP) {save the first character in buffer 

Rl 

Rlr^iHFP iare we too close for cokfort? 

31 fsesf disable interrupts before doin3 this one 

HOSTBF(Rl).HOSTBF-HRl) Jshift down one character 

1% )do entire buffer up to one less than HFP 

-(SP) (save priority 

#340 fdisable interrupts to prevent screwups 

Rlie»HFP fare we really done? 

5i Jyesr all characters transferred 

HOSTBF[R1)»HOSTBF-1(R1) ishift down one character 

Rl 

4t 

B4HFP fadJust buffer input pointer 

RO 

e#HFP>M fhave we reduced to Just four characters? 

2« ifto 

♦f.STDPfglHSTFLGJand was "S sent? 

24 »no 

#021. RO ipiit "Q in RO 

(SP)+ {restore priority 

(SP)tfRl (recover character 

RO fdid we decide to send "Q? 

6( I no 

PC(CHR02 tyest send "Q to host 

#F. STOP rMHSTFLGf show we have done so 



PC 
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1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 

16 135076 

17 135100 
IB 135106 

19 135114 

20 135120 

21 135124 

22 135J26 
23 

24 135134 

25 135142 

26 135150 

27 135154 

28 135160 

29 135166 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 135170 

42 135172 

43 135176 

44 1352C0 

45 135202 

46 135206 

47 135214 

48 135222 
49 



000005 

112737 000212 177446 

112737 000010 177444 

105037 177560 

105037 177564 

005000 



112737 000200 177452 SETAXl! MOVB 



U2737 OOOIOO 177452 

152737 000002 007464 

OA3700 007464 

110037 177452 

U2737 000020 177452 
000207 



.SBTTL I/D Initialization end LEP Driver 

lOINIT asserts the RESET L line on the boardi thereby clearinS the 
configuration of the peripheral chips. It then initializes the peripheral 
chiPS to 3n idle state. SETAX2 configures the aux. port to operate with 
a 16X clock* so that its baud rate will be eoual to that of the consol? port. 
The RS-232 control output signals are left desssertedi and the 3U>:. port 
receiver and transiitter are left disabled. SETAXl is lil'.e EETAX2t eKceft 
that the clock divisor of the auxi port is set to 16 if RO = uPon entryi 
or 64 if RO = 1. A 64X clock leans that the au;;. port baud rate will he 
one fourth of the console rort baud rate. 



lOINITilRESET fdisable interrtups 

HOVB #212f»P«CREG ;confi3ure 3255 with port F as input 

NQVB «010>e»PIP0RC .disable LED display 

cute etCtRCSR tdlsable DLART receiver 

CLRP HCtXCSR (disable DLART transiitter 

SETAX2: CLR RO Jindicate 16X clock for aux port 

t200i9IAtCRE(} fsend a harkless sode word to kake sure next 
iword is interpreted a-i a control word so that 

HQVEi tlOO>9IAiCREG Uhis control word puts us back to sode load 

8ISB l2retKF3251 iiak.e sure baude rates will katch 

AM e#HFB251»R0 iadd in lode byte incase user has changed anything 

HOVB ROf^lAtCREG tnou initialize nodes 

HOVB t020ie*A«REG (reset error flaSs. disable 8251 

RTS PC 



005000 
105737 
iOOOOl 
005200 
004767 
112737 
112737 
000207 



++ 



SETAUX reconfiSures the sux. port to operate with a 16X clock if bit 7 of 
COiffLB = Q> or with 3 64X clock if bit 7 of CDNFLG = 1. The au:;. port 
receiver and transmitter are left disabled) but the RS-232 control sisnals 
r«auest-to-send and data-tersinsl-ready are asserted. A copy of the coMsnd 
bate sent to the au;t. port is saved in fiUXFLG for future reference? since 
fltCREG is a urite-only location. 



007710 



177720 
000042 
000042 



177452 
007711 



SETAUXIICLR 
TSTB 

BPL 
INC 
JSR 
NOVB 

MOyB 
RTS 



i«: 



RO 
etCONFLG 

It 

RO 

PC» SETAXl 

»042te«AtCRE6 

t042r»AUXFL6 

PC 



fis 64X clock currentlw selected? 
fncr 16X clock 

fset aux port baud rater disable 

fCOHand 6251 to assert RTS* DTRt and disable 

(save 3 copy since AJCREG is write only 
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3 
4 
5 
6 
7 
8 
9 
10 

11 135224 

12 135224 

13 13523C 

14 135234 

15 135240 

16 135244 

17 13524i 

18 135252 

19 135256 

20 135242 

21 135266 

22 135272 

23 135276 

24 135302 

25 135310 
26 

27 135314 

28 135322 

29 135330 

30 135336 

31 135342 
32 



012700 
012701 
012720 
012720 
077105 
012720 
012720 
012700 
012720 
012720 
012720 
012720 
012737 
005037 

U2737 
142737 
142737 
105037 
000207 



H 



lOVECT initializes the interrupt vectors at locations 60> 64» 70t 74j ...f 
130* 3nd 134 to point to an RTI instruction with priority 7. It then attaches 
interrupt service routines for console break? invalid instruction) IjreaKpoint* 
and LED display refresh. The power fail vector is bIsc attached to an RTI 
inslructiofij with priority 6. The LED display hardware and hcth tei-isl ports 
are disabled. 



000060 
000014 
135676 
000340 

137U4 

000340 

000010 

137334 

000340 

137174 

000340 

135344 000104 

007676 

OOOOIO 177444 

000100 177560 

000100 177564 
177452 



lOVECTM 

MOV 
MOV 

It: nov 

HOV 
SOB 

«ov 

KOV 
MOV 
MOV 
MOV 
HOV 
HOV 
MOV 
CLR 
fnow disable 
MOVEi 
BICB 
EIC» 
CLRB 
RTS 



»060tR0 
«12.tRl 
t»NULLI>(ROH 
4340i(RO)l 
RliH 

tBftEAKi(RO)^ 
4340* (R0}4 
tOlOfRO 
*ITRAP*(RO)l 
«340»(RO)t 
«RKPTr(RO)t 
♦340r(R0)+ 
*IiISPLAr?*LEDIV 
eiKEYflV 
interrLPl hardware 
*010.MPtPORC 
tlOO^etCtRCSR 
tlOOfHCtXCSR 
9tA(CREG 
PC 



finitislize I/O vectors and disable interrupts 
J15 coded priority vectors (2 not used! 
rset address eleient to null service routine 
iset priority level to 7 

iconnect console breaJ: routine 
Jpriority 7 for console break 

Jconnect invalid instruction trap 

(connect breakpoint trap 

jconnect LED display routine 

idisconnect keypress service vector 

for ports 

rdi&able L€[i display 

?disable console receiver 

■disable console trensiitter 

jdissble auxiliary receiver and transmitter 



A-22 



I-U Evaluation Module Monitor MrtCfiO W>5»00 Sunday 13-H3r-83 04! 10 PaSe 19 
l/Q Initialization and LED Driver 



1 

2 
3 
4 

5 

t, 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 135344 

20 135350 

21 135352 

22 135354 

23 13535A 

24 135362 

25 135364 

26 135370 

27 135372 

28 135400 

29 135406 

30 135412 

31 135414 

32 135420 

33 135422 
34 

35 135426 

36 135432 

37 135436 

38 135440 
3? 135444 

40 135450 

41 135452 

42 135454 

43 135462 

44 13S464 

45 135470 

46 135474 

47 135476 

48 135502 

49 135506 

50 135510 

51 135512 

52 135514 

53 135516 

54 135524 

55 135526 

56 135532 

57 135534 



H 



.ENABL LSB 

DISPU is the lEB refresh interrupt service routine. It lulliplexes the 
contents of SEGBUF to the LEIig throush parallel foH fli and checks if 3 
keypad kes has been pressed. If a keu has been pressed and the value in 
location KEVPIV is not zero* then control will be transferred to the routine 
at CKEYPIV] for interrupt driven keapad input. The keypress routine at 
[KEtPiy] iust restore R2i RIj and RO from the stack (in that order) before 
Bxecutina an RTI. (tote that if the contents of SPCLBF are nonzero* a flashing 
display of ' xx will appear in the LEDs instead of the contents of SEGBUr. 

Error' 
DISPLA also nwftts the nuitwr of tiies it has been called (which is detenined 
in the hardware to be 800 tikes per second* when displav refresh is enabled) 
in the location TIME, The lower 10 bits of TIME count through 799. > and the 
upper six bits count through 59. seconds. 



005237 007730 

010046 

010146 

010246 

013700 007730 

OOSIOO 

032700 001440 

001016 

042737 001777 007730 

062737 002000 007730 

013700 007730 

005100 

032700 170000 

001002 

005037 907730 



i>ispla:;ing 

NOV 
NOV 
HOV 
HOV 
COM 
BIT 
BNE 
BIC 
ADD 

mj 

COK 
BIT 
BNE 
CLR 



013700 
042700 
006300 
016001 
005737 
001422 
005001 
032737 
001015 
016001 
132700 
001410 
013702 
132700 
001001 
000302 
105002 
060201 
112737 
000301 
110137 
000301 
112737 



007730 
177770 

007712 
007726 



001000 007730 

135756 
000004 

007726 
000002 



000010 177444 
177440 
000007 177444 



1$: 



4tl 
3t! 



hOV 
BIC 
ASL 

aw 

TST 
BEQ 
CLR 
BIT 
BNE 

m 

BITB 

DEQ 

HOV 

BITB 

BNE 

SUAB 

CLRB 

m 

MOVB 
SUAB 
HOVB 
SUAB 
HOUB 



MTWE 

RO.-(SP) 

Rl.-(SP) 

R2»-(SP) 

»TI(C>RO 

RO 

«001440<RO 

1( 

#001777. HTIME 

«002000t»TIKE 

MTIHE.RO 

RO 

H7OOO0.ro 

1( 

HTI« 

eiTINE.RO 

#177770. RO 

RO 

SEGBUF(RO).R! 

MSPCLBf 

3$ 

Rl 

#001000»MTIHE 

3t 

ERRSEG(R0hRl 

tOO4»R0 

3$ 

etSPCLBF.R2 

#002. RO 

4* 

R2 

R2 

R2iRl 

#OiO.?«PIPORC 

Rl 

Rhe#PSPORA 

Rl 

«007r?IP»PORC 



fkeep a count of SOOths of seconds in TIME 
•preserve reaisters 



jprepare to check for overflow of BOOths 



tno overflow 

ioverflow. so clear BOOths 

rand add 1 second 

.check if overflow past 60 seconds 



ino overflow of seconds 

Wesr 50 clear the uhole thin^ 



istrip RO to take it a iultiplex address 

ifeake it a word index 

.set seSienl data for this disit pair 

fis there a special error display? 

tno 

(true for approx. 1/3 of each second 

iflashins error nessaSe. no less 

Jaet sedient data for ' Error' 

tis this disit 2 or 3? 

ino. so no overlay on upper display 

rSet overlay characters 

}i% this disit 3? 

rdisit 3 character is in upper byte 

fsusp for disit 2 

isave only upper display character 

fcotbine upper and lower displeu characters 

Jturn off display* enable upper display latch 

i3et upper display data in lower byte 

.output upper display data 

fback to lower display data 

fdisplay still offt but upper latch closed 
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58 135542 

59 135546 

60 135550 

61 135552 

62 135556 

63 135560 

64 135564 

65 135570 

66 135572 

67 135576 

68 135600 

69 135602 

70 135604 

71 135610 

72 135612 

73 135416 

74 135620 

75 135624 
76 

77 135626 

78 135632 

79 135634 

80 135636 

81 135642 
82 

83 135644 
94 135652 

85 135656 

86 135660 

87 135664 
88 

89 135670 

90 135672 

91 135674 

92 135676 
93 

94 135700 

95 135702 

96 135704 

97 135710 

98 135714 

99 135716 

100 135720 

101 135722 

102 135724 

103 135726 

104 135730 

105 135734 

106 135736 

107 135740 
lOB 135744 
109 

110 135746 

111 135750 

112 135754 
113 

114 



110137 

010001 

006201 

110137 

000240 

113702 

042702 

060002 

013701 

001413 

074201 

001420 

032701 

001027 

032701 

001424 

005037 

000421 



177440 



177444 

177544 
177417 

007704 



000016 
000360 
007704 



004767 000046 5$! 

005701 

100415 

010237 0C7704 

000412 

052737 100000 007704 6»: 

005737 007676 

001404 

004767 000014 

000177 052006 



MOVB 

MOV 

ASR 

nm 

MOP 

mvB 

6IC 
ADD 
MOV 
BEQ 
XOR 
BEO 
BIT 
BNE 
BIT 
BEO 
CLR 
BR 

JSR 

TST 

mi 

MOV 
BR 

BIS 
TST 
BEQ 
JSR 
JMP 



012602 
012601 
012600 
000002 

010200 
000300 

042700 007777 
012701 000004 
006300 
103013 
001013 
005301 
006302 
060201 

042701 177740 
006202 
010200 

042700 177761 
000207 

077116 

012701 177777 

000770 



2*: MOV 
MOM 
MOV 

wulli::rti 



7ii 



8(: 



lit; 



9f: 
io«: 



MOV 

SWAB 

BIC 

MOV 
ASL 

BCC 

mz 

DEC 
ASL 
ADD 
BIC 
ASR 
MOV 
BIC 
RTS 



Rl.emPORA 

RO<ftl 

Rl 

Rusmpm 

e#PJP0RD»R2 

#17741?fR2 

R0jR2 

9«DEBNCEtR1 

5t 

R2rRl 

6t 

*000016fRl 

2» 

t000360»Rl 

2* 

P«DEB)4CE 

2i 

PC.7J 
Rl 

2i 

R2fMDEBNCE 
2» 



ioutput lower display data 

fiultiplex diait address (byte inde>;) 

Jturn on display 

rnoH do keypad input>.* 

fkeypad return lines in bits 4 to 7 

fclean up keypad data 

fcoibine index and return data 

JSet a scratch copy of debounce state register 

inot debouncing a ke^i take s nsw Dne 

ftotal latchi take it as a keypress 

icoipare lultiplex eddress field 

inot the saaef so i^ncre it 

fco»p3re return line field 

fsaine key held) so ianore it 

jno IwiSer saie kea pressed? so reset state 



jconvert positional bit to nuiber 
lis this a valid key depression' 
!nop so ignore it 
fsesf take it and wait for confiraation 



tlOOOOOf^tDEBNCEiiake sure ue Set only one keypress per key 

PtKEYPIV ido ue have an active vector? 

2% irtot discard keypress 

PCr7$ fiei a useful key nu»ber in Rl 

iKEYPIV ipass it to attached service routine 



(SP)t»R2 
(SP)+-R1 

(SP)+iRO 



R2fR0 

RO 

#007777 fRO 

»4iRl 

RO 

9t 

10* 

Rl 

R2 

R2fRl 

»177740»R1 

R2 

R2rR0 

♦177761 »R0 

PC 



SOB Rlr8$ 

MOV »177777fRl 

BR 11* 

.DSABl LSB 



Jservice routine at PKEYPIV should also restore 
Hhe reSisters in this lanner 



Jiake a scratch copy 

(Kove key data to upper byte 

Jkeep only return line date 

Ishift out 4 bits sa;; 

Jshift out 3 bit* look for a one 

ididn't find it 

iiore than one true bit— invalid data 

pRl is now 3f 2t Ir or 

f least two bits are 

(coibine iiultiple>; address and positional count 

Jcleari ijp kes code 

f restore R2 

! restore RO 



fkeep searching 
•indicate invalid data 
j restore and exit 
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115 13575A 000120 000134 000120 ERRSEGI .UORD 120»134ri20 ir, o, r 

116 135764 000120 000171 OOOOOO .UORD 120.171.000 Jr. E- space 



T-U Eysluation Module Monitor MACRO MOS.OO 
I/O Initialization and LED Driver 



1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 135772 

21 135776 

22 136002 

23 136004 

24 136012 

25 136014 
26 

27 136016 
136021 

28 136022 
136025 

29 136026 
136031 

30 136032 
136035 

31 
32 



1+ 



Sunday U-M3r-83 04!10 FaSe 20 



.S8TTI. LED Display Support Routines 



DSPDIG takes a he>; nuiber in the lower 4 bits of RO and displays the 
correspondina se3»ent pattern on the LED diait indexed ty Rl. Rl - 
to index the ri3ht«ost lower LED diait. = i to index the rishtnost upper 
LEI diaitf w.. = 13 to indji; the leftiost UFper LEP di^it. Returris Rl 
incretented b« 2 to index the next di^it to the left on the same display 
row. 

Uses! RO Hex value to be displayed 

Rl Index to LED diSit on which to display it 



Returns! 



RO Previous value with bits 15< through 4 cleared 
Rl Previous value + 2 



042700 
020127 
101004 
116061 
005721 
000207 

077 
117 
146 
007 
177 
174 
071 
161 



177760 
000013 



DSPDIG;:BIC »177760.R0 Jpanae-liiit RO 

CMP Rl. ^00013 tiaxira value for di^it index 

BHI IJ fout-of- range, so ignore call 

136016 007712 NOVS HEXSEG(R0).SE68UP(R1) ^display di^it 

TST (Rl)+ Jindex next digit of saie display level 

IC RTS PC 

006 133 HEXSEGir.BYTE 077»W6.133.117 iO. 1. 2. 3 

155 175 .BYTE 146.155.1?5f007 Mt 5f 6. 7 

157 167 .BYTE 177,157.167.174 i8. 9, h b 

136 171 .BYTE 071,136.!7hl61 iC- d. Ef F 

►EVEN 
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3 






4 






5 






6 






7 






B 






9 






10 






11 






12 






13 136036 


012701 


000001 


14 136042 


000402 




15 






16 136044 


012701 


000000 


17 






18 136050 


010246 




19 13A052 


010346 




20 1360S4 


012703 


000006 


21 136060 


010200 




22 13^062 


042700 


177770 


23 136066 


004767 


177700 


24 134072 


000241 




25 136074 


006002 




26 136076 


006202 




27 136100 


006202 




28 136102 


077312 




29 136104 


012603 




30 136106 


012602 




31 136110 


000207 




32 






33 






34 







H 



DSPUNK and DSPLMH take full words in R2 and write octal nvabers to the upper 
and lower LED display^r respectivel>it 



i Uses: 


R2 Octal 


value to be displayed 


r Returns* 








RO Contains ^arba^e 




Rl Contains Sarba^e 


DSPltNKliHOV 


«1>R1 


1 index upper <iispl3v 


BR 


DSPNUH 




DsaNM;:ND^f 


»OiRl 


iindex lower display 


dspnuh: hov 


R2--(SP) 


! preserve R2 


NOV 


R3.-(SP) 


fflet a scratch reSister 


«ov 


«6iR3 


rcount 6 dibits 


i«: hov 


R2)R0 


riove octal di3it to RO 


BIC 


♦177770. RO 


iiake sure it's octal 


JSR 


PCfDSPDIG 


tdispla^ disit 


CLC 






ROR 


R2 


iiove to neKt octal di^ 


ASR 


R2 




m 


ft2 




SOB 


R3.lt 


■do five dibits 


HOU 


(SP)+»R3 




KOV 


(SP)+fR2 




RTS 


PC 
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012701 000001 

010246 

0O&302 

010200 

006302 

060002 

012700 000006 

U6261 136154 

005721 

005202 

077006 

012602 

000207 



1 Evaliwlion Module Monitor 
r Display Support Routines 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

n 

12 
13 

14 136112 

15 136116 

16 136120 

17 136122 
le 136124 

19 136126 

20 136130 

21 136134 

22 136 142 

23 136144 

24 136146 

25 136150 

26 136152 
27 

28 136154 
136157 

29 136162 
136165 

30 136170 
136173 

31 136176 
136201 

32 136204 
136207 

33 136212 
136215 

34 136220 
136223 

35 136226 
136231 

36 136234 
136237 

37 136242 

38 136245 

39 136250 

40 136253 

41 136256 

42 136261 

43 136264 

44 136267 

45 136272 

46 136275 

47 136300 

48 136303 



fWCRD yOS.OO Sundas 13-M3r-B3 04;i0 faSe 22 



000 
120 
000 
120 
000 
120 
000 
120 
000 
120 
000 
120 
000 
155 
000 
163 
000 
163 
120 
170 
000 
136 
000 
120 
006 
163 
133 
163 
117 
163 



000 

000 
000 
000 

ooo 

000 
000 
000 

000 
000 
000 
000 

ooo 

000 
000 

ooo 

000 
000 
136 
124 
120 
167 
075 
000 
170 
120 
170 
120 
170 
120 



H 



DSPMAH is B routine to display naMS of redistersr etci on uf-per displaa. 
R2 points to the Mssa^e to be displaaed. The aessase shouM be b string 
of 6 bates corresponding to the se^ient patterns for each LED disitj starting 
with the rishtio^t di^it^ 



007712 1$: 



Uses: 



Returns I 



DSPNAHttHOV 
NOV 
ASL 
NOV 
ASL 

m 

NOV 

MOVB 
TST 
I«C 
SOP 

Hoy 

RTS 



R2 



Pointer to strind of se^ient fatterns 



077 nahtbl: 

000 

006 

ooc 

133 
000 
117 
000 
146 
000 
155 
000 
163 
000 
071 
000 
155 
000 
167 
163 
136 
000 
171 
000 
124 
174 
124 
174 
124 
174 



l.BYTE 

•BriE 

.BYTE 
.BYTE 

.BYTE 

• BYTE 

.BYTE 

,BYTE 

.BYTE 

.BYTE 
.BYTE 

.BYTE 
.BYTE 
.BYTE 
.BYTE 
.BYTE 
.BYTE 
.BYTE 
.BYTE 
.BYTE 
.BYTE 



Rl Contains aarbaae 

RO Contains Sarba^e 



rindex upper display 
fpreserve tessa^e i^ex 
iiultiplif it b^ 6 



tlrRl 

R2.-(SP) 

R2 

R2rR0 

R2 

R0iR2 

t6pR0 icharacter count 

NMfTBL(R2)pSEG6UF(Rl) jfeove se»ent data to LED buffer 

[Rl)+ iindex next LED 6iiii 

R2 iindev. next character 

ROflt tdo 5i>: characters 

(SPU.R2 (restore R2 

PC 

0.0»077,I20,OfO ;■ rO ' 

0»0.006t120)0.0 ;* rl ■ 

0.0.133,120,0,0 ;■ r2 ' 

0,0,117,120-0,0 ;■ r3 ' 

0)0,146j120,0,0 ;■ r4 ' 

0»0,155rl20r0r0 i' r5 ' 

0,0,163,155,0,0 i* SF ' 

0,0,071, 163»0,0 S' PC ■ 

0,0,155,163,0,0 i' PS ' 



120,136*167 
170,124,163 
000.120,136 

136.167,000 
000,075 r 171 
120*000,000 
006,170.124 
i63fl20,174 
133.170,124 
163,120.174 
117,170,124 
163,120.174 



J'PntAdr' 
i' Addr ' 
;• r£G • 
I'brPr.tl' 
i'brPnt:' 
i 'brPntS* 
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fbpPnH' 
i' Func ' 
i'ConSol' 

I'A.POTt' 



49 13&306 


146 


170 


124 


.BYTE 


146.170rl24 


50 136311 


163 


120 


174 


.BYTE 


163»120il74 


SI 136314 


000 


130 


124 


.BYTE 


000)130rl24 


52 136317 


034 


161 


000 


.BYTE 


034.161.000 


53 136322 


060 


134 


155 


.BYTE 


060j134.155 


54 136325 


124 


134 


071 


.BYTE 


124.134-071 


55 136330 


170 


120 


134 


.PYTE 


170.120-134 


56 136333 


163 


200 


167 


.BYTE 


163.200.167 


57 








.EVEN 
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3 

A 

5 

« 13633& 012701 000000 

7 136342 000402 



tt 



BLNKLO and BLNKHI 3re routines to erase the sequent date iri the lower and 
upper LED buffers? respectively t Returns Sarba^e in RO and Rl. 



9 136344 


012701 


000001 


10 






U 136350 


012700 


000006 


12 13«54 


105061 


007712 


13 136360 


005721 




14 136362 


077004 




15 136364 


000207 




16 






17 






IB 






19 






20 






21 






22 






23 






24 






25 






26 






27 






28 






29 






30 






31 






32 






33 






34 






35 136366 


004767 


015662 


36 136372 


010146 




37 136374 


010201 




38 136376 


004767 


177370 


39 136402 


005742 




40 136404 


012601 




41 136406 


012703 


000004 


42 136412 


004767 


015576 


43 136416 


010146 




44 136420 


010201 




45 136422 


004767 


177344 


46 136426 


005742 




47 136430 


012601 




48 136432 


077311 




49 136434 


000207 




50 







BLNKLO :;«ov 


«0>R1 


finde>; louer display 


BR 


BLNKDS 




blnkhi::hdv 


tliRl 


! index upper displas 


BLNKDS: HDV 


t6rR0 


fcount 6 dibits 


1$: aRB 


SEGBUF(Rn 


rblank a di^lt 


TST 


(Rl) + 


rindex next disit of saie display level 


SOB 


RO*lf 


rdo six dibits 


RTS 


PC 





H 



BSPDEC takes a nuiber in Rl sni an index to either second-frot-the-left LEU 
diait in R2 and dlspUifs the nuiber as a deciial value ari the corresporidln^i 
LED disitsi R2 = 10 to index the lower row of LEDsj = 11 for the yp?er pou. 
The leftKJSt LED dibits are not affected. To display a two's coiipleftent 
decikal value* call this routine froa another routine* which places a iinus 
sian in the lefttost LED di3it 9r\d passes the absolute value of the nuaber 
to be displawd to this routine. 



Uses; 



Returns ; 



BSPDEC! :JSR 
rtOV 
MOV 

JSR 
TST 

m 

MOV 
JSR 
HOV 

Hoy 

JSR 
TST 
HOV 
SOB 
RTS 



ii: 



Rl Ilecital value to be displayed 

R2 Index to LED row on which to display it 



ROi Rh Contain ^arba^e 
ft2i R3 



PCtHNASl 

Rli-(SP) 

R2ffi] 

fC.fiSPDIG 

-(R2! 

(SPltjRl 

»4>R3 

PC>BINA5C 

Rl.-(SP) 

R3.R1 

FCDSPDIG 

-{R2) 

(SP)+,R1 

R3*l$ 

PC 



;^et lOOOO's di^it 
fsave reiainder 
; index left LED didit 
idisplau deciial digit 
j index next di3it 

fiake a counter 
jstrip g disit froi Rl 
fswitch peaister; 

rdisplay deciial disit 
(index next disit to the ridht 
i3et back deciial nuhber 
Ida six disits 
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1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

13 
19 
20 
21 
22 
23 
24 

25 13^436 

26 136444 

27 13M52 

28 136454 

29 136460 

30 136462 

31 136466 
32 

33 136470 

34 136474 

35 136500 

36 136S02 

37 136504 

38 136506 

39 136510 

40 136512 
41 



H 



K£?GET turns on the LEDs and waits for a (tespress. The kea nutber of the 
key that uas pressed is returned in Rl. The keys are nuibered as follows! 



00 - [CLR] 


12 -- [ 4 ] 


01 - t 1 ] 


13 -- [ 9 ] 


02 - [ 4 ] 


14 -- imi 


03 " [ 7 ] 


15 " tBAC] 


04 - [ ] 


16 - tREG] 


05 " t 2 1 


17 " [ADR3 


06 -- [ 5 ] 


20 - tSST] 


07 - [ 8 ] 


21 -- [GO ] 


10 " [EXA] 


22 -- [BPT] 


11 - t 3 3 


23 - mt) 



Uses! 



Returns: 



012737 136470 007676 

112737 000007 177444 

106701 

120127 000277 

101402 

106427 000240 

000777 

005037 007676 
005037 007726 
012602 

005726 
012600 
005726 
106426 
000207 



KEYSET I !HOV 


«KEY6Elr 


K0V8 


«07f?*P 


MfPS 


Rl 


CHPB 


R1»»277 


BIDS 


li 


HIPS 


t240 


li; BR 


li 


KEYGEi: CLR 


MKEYPiy 


CLR 


MSPCLFF 


«av 


(SP>t»R2 


TST 


(5P)t 


HOV 


(SPH.RO 


TST 


(SP) + 


MIPS 


(SP)4 


RTS 


PC 



ftl Contains nuftber of keu that was pressed 

KEYPIV Cleared 

SPCLBf Cleared 

PS Priority reduced to 5 



♦KEYGElfWKEYPIUilink input routine to keypress vector 
»007*9tPiPORC rturn on LED displays 

ipriority 5 is laxiaui for LEDs to operate 

iset priority 5 
fwait for keypress 



idisconnect keypress vector 
Hum off fleshing errorj if any 
! restore R2 
•discard old Rl 

! restore RO 

fdiscard return address 
(hut replace PS byte 
jreturn to caller af KEYGET 
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3 




4 




S 




i 




7 




8 




9 




10 




11 




12 13i514 


116101 136522 


13 136520 


000207 


U 




15 136522 


012 


U 13A523 


001 


17 136524 


004 


18 136525 


007 


19 136526 


000 


20 136527 


002 


21 136530 


005 


22 136531 


010 


23 136532 


013 


24 136533 


003 


25 136534 


006 


26 136535 


Oil 


27 136536 


377 


28 136537 


377 


29 136540 


377 


30 136541 


377 


31 136542 


377 


32 136543 


377 


33 136544 


377 


34 136545 


377 


35 




36 





44 



KEY6CD translates the keii nuiber in f!t into a BCD value for the keys to ?f 
12 for the CLR kes. 013 for the EXA keyi and -1 for all other kess. 



Uses: Rl 

Returns: 

Rl 



keybcd::novb 


BCDTBL(Rn»Rl 


trans 


RTS 


PC 




bcdtbl: .byte 


012 


taR] 


.BYTE 


001 


[ I ] 


.BYTE 


004 


[ 4 ] 


.BYTE 


007 


C 7 ] 


.BYTE 


000 


[ ] 


.BYTE 


002 


[ 2 ] 


.BYTE 


005 


[ 5 ] 


.BYTE 


010 


[ 8 3 


.BYTE 


013 


CEXA] 


.BYTE 


003 


[ 3 J 


.BYTE 


006 


t 6 ] 


.BYTE 


Oil 


[ 9 ] 


.BYTE 


377 


CAD^i] 


.BYTE 


377 


CBAC] 


.BYTE 


377 


[REG] 


.BYTE 


377 


[ADD] 


.BYTE 


377 


[SST] 


.BYTE 


377 


[GO ] 


.BYTE 


377 


[BPT] 


.BYTE 


377 


[FNC3 



Keu nwber to be translated 
Translated value 

(translate Rl into BCD code 



.EVEN 
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1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
H 
15 
li, 

17 13&S46 

18 13&SS4 

19 1365iO 

20 13&564 

21 136570 

22 13*572 

23 136574 
21 136600 

25 136402 

26 136604 

27 136610 

28 136612 

29 136620 

30 136622 

31 136624 

32 136632 

33 136634 

34 136636 

35 136640 

36 136642 
37 

38 136644 

39 136646 

40 136654 
41 

42 136656 



H 



NUHGET displays the current value of R2 in the loner raw of LEDs» leavina the 
upper row intact. The keypad is enabled Id allow the user to »o<iifs the value 
in R2 with the - 7 arid CLR kew. The value in R2 is relumed- whether 
altered or not? when the oser presses EXA, 



Uses: 



Returns! 



042737 
004767 
004767 
W4767 
005701 
100770 
020127 
101026 
001420 
020127 
103361 
032737 
001004 
005002 
052737 
006302 
006302 
006302 
060102 
000744 



005002 

052737 000002 
00073? 



000002 
177264 
177652 
177724 



000012 

000010 
000002 

000002 007706 



007706 HUHGETIt&IC 

1»! JSR 

JSR 

JSR 

TST 

m 
m 

CMP 
BHIS 
007706 BIT 
BNE 

aR 

BIS 
4$; ASL 

ASL 
flSL 

ADD 
BR 



007706 



000207 



3i; 



2j: 



CLR 
BIS 
BR 



R2 Initial value 



R2 New value (if chanaerf) 

F.CHftN Fla^ in FLA6S1 is set if R2 was changed* cleared otherwise 

Rl Contains ^arbase 

RO Contains ^arba^e 



*F.CHANiMFLAGSl 

PCfDSPLNN 

PCtKEYCET 

PC.KErSCD 

Rl 

It 

Rl>«012 

2$ 

31 

RhtOlO 

It 

4F.CKAN>etFLAGSl 

4t 

R2 

fF.CHAN.HFLAGSl 

R2 

R2 

R2 

R1*R2 

1$ 



Fshow R2 hasn't changed yet 

tdisplay value in R2 on lower LFDs 

iwait for a keypress 

iconvert key nuiber into BCD 

fuas it a le^al key? 

inoi Set another 

!was it nuHricT 

fnof it Mas EXA/EWT^ la return value in R? 

imt it was clear 

fwas it 8 or 9 [not valid octal dibits)? 

fyesf so ignore it 

jhas R2 been chanSed yet? 

lyeSf Just scroll in key 

lelse clear old value first 

(indicate it has been changed 

t»ake space for new di^it 



(scroll in new disil 
Sacceet additional dieits 



R2 (Clear number for CLR kes 

♦F.CHAN.etFLAGSlishoM R2 changed 

1$ 



RTS PC 



i return value 
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t+ 



.SBTTL Error Condition and Startup Entra Code 



(START is ibe pouerup initialzstion routinep which is executed after the 
disanostics are cotpleted. 



? 136660 

10 136662 

11 136666 

12 136670 

13 136672 
H 136676 

15 136704 

16 136712 

17 136720 

18 136726 
1? 136734 

20 136742 

21 136750 
22 

23 
24 
25 
26 
27 
28 
29 
30 

31 136752 

32 136756 

33 136762 

34 136766 
35 

36 136774' 

37 137000 
38 



005000 
012701 
005020 
077102 
010537 
012737 
112737 
112767 
012737 
012737 
012737 
012737 
000402 



014000 



007726 
007400 
000050 
000116 
135676 
135676 
000340 
007320 



007746 
007710 
050544 
007702 
000024 
000026 
007462 



♦start: !CLR RO fclear RftH froi to 27777 

HOV *14000>R1 

1«{ CLR (R0)+ 

SOF Rl*lt 

MOV R5.MSPCLBF ;put poyer-up error code on LEDs 

HOV tSCRPADr^HSP rset up user stack pointer 

HOVB tOSOi^tCONFLG fset default baud rates 

mi tll6fHFS2Sl >»t default value for 8251 iode btis 

MOV HNULLIjMUSERVSSiniliaUze user's interrupt vector 

HOV »NULLM?*24 ipf points at null 

MOV #340 •M26 T 

HOV *IBLT0P.MTBLB0T;initi3lize e*pty sasbol table 

BR tHALT+4 (don't clear error display 



+t 



IHALT is the routine invoked bs the HALT buttoni the HALT L line on the 
boardi and the HALT instnjctitm. It saves the processor reaisters snd the 
contents of U5ERIV and KEYPIV if a user pro^rai was runnird* It also 
pcrforis a bus reset and reinitializatiort of peripheral chips before 
invoking the keypad sonitor* 



005037 007726 

004767 000022 

004767 176110 

042737 177377 

004767 176224 

000167 000564 



«halt:: clr 

JSR 

JSR 

007706 BIG 

JSR 
JHP 



8»SPCLBF iclear error code on LEDs* if any 
PCfUCSAVE isave context and fix user SP 
PCiIOINIT (assert RESET line and reinitialize ports 
♦177377»9trLAGSl}reset lodef set keypad cowand entra 

(leave F.BRKA so breakpoints will be reioved 
PCiIOVECT (isKe sure interrupt vectors aren't daia^ed 
*MONIT (enter wnitor 
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1 

1 

t, 

3 
4 
5 
6 

7 137004 

8 137010 

9 137016 

10 137020 

11 137024 

12 137030 

13 137036 

14 137042 

15 137046 

16 137052 

17 137056 

18 137062 

19 137066 

20 137072 

21 137100 

22 137106 

23 137112 
24 

25 
26 
27 
28 
29 
30 
31 

32 137114 

33 137120 

34 137124 

35 137130 

36 137136 

37 137144 

38 137152 

39 137156 

40 137162 

41 137166 

42 137172 
43 



012637 
032737 
001433 
012637 
112637 
042737 
010637 
010037 
010137 
010237 
010337 
010437 
010537 
013737 
042737 
012706 
000207 



t4 



UCSAVE saves the processor registers afvd the conter^ts of USERiy and KEVPIV 
if 3 user proSrai was running. It also initializes the lonitor slack. 



007460 

000100 007706 

007750 

007752 

177400 007752 

007746 

007732 

007734 

007736 

007740 

007742 

007744 

007676 007700 

000100 007706 

007460 



UCSAVEIJMOV 
BIT 
BEQ 
MOV 
MDVB 
BIG 
MOV 
MOV 
HDV 
MOV 
MOV 
MOV 
MOV 
MOV 
BIG 
MOV 
RTS 



(SP)+fP*STACK-2 iiove return address to ionitop stack 

*F,USER»?»FLAGSli running user code? 

U 

(SP)+fe«PC 

(SP)^H$PS 

#177400. M«PS 

SPtHtSP 

ROiHWO 

RliHIRl 

R2renR2 

R3fHtR3 

R4f»«R4 

R5fe*$R5 



IC 



(yesi save user contexti starting with PC 

;PS next 

(prevent sidn extension 

;fi>: and save slack pointer 

rsave R0> 

;R1) 

iR2r 

>R3r 

pR4? and 

fR5 

e»KEYPIVre»KEYPVS fsave user keypress vector 
♦F.USERj?*FLA6Slrshow that user context has beeri saved 
#STACt;-2»SP f3o to lonilor stack 
PC fand return to calling routine in ionitor 



++ 



005737 177562 

004767 177660 

004767 175746 

042737 035377 007706 

012737 133000 000060 

142737 000007 007710 

113700 007710 

052700 000002 

010037 177564 

012700 000001 
000466 



BREAK is the console break interrupt service routine. It is siiilar to HALT 
except that it does not invoke the keypad ionitor if the console sonitor us; 
running previously^ The host Mde is terkinated ba BREAK* 



break:: TST e*CtRBUF iacknowledse interrupt 

JSR PCfUCSAVE Tsave user cmitext 

JSR PCiIOINIT iasserl RESET line and reinitialize ports 

BIG ♦035377pMFLAGSi;initi3lize lonitop modes 

MDV #LIHEIM»«EOHIN Jhook up console input service routine 

BICB »O07»e#C0NFL6 (clear console line flaSs (but not speed) 

MOVB 9»C0NFLGiRO rSel current baud rate 

BIS ♦0O0002jR0 (enable pros, baud ralet disable xiit interrupt 

MOV RO.eKiXCSR (transfer control word to console port 

MOV #ltRO (indicate console break service 

BR FERROR iao to fatal error handler to reenter ionitor 
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10 137174 

11 137200 

12 137204 
13 

14 137212 

15 137214 

16 137222 
17 

IB 13722& 

19 137234 

20 137236 

21 137244 

22 137246 

23 137252 

24 137254 

25 137260 

26 137264 

27 137266 
2B 137270 
2? 137272 
30 137274 
31 

32 137276 

33 137304 

34 137310 

35 137316 

36 137324 

37 137326 

38 137332 
39 

40 
41 
42 
43 
44 

45 

46 137334 

47 137340 
4B 137344 
49 



4+ 



BftKPT is the breakpoint service routine. If invoked froi a user pro3r3«t the 
processor context is saved. If invoked in response to a tonitor breakpoint 
rather than a sinSle stef or user breakpointr the PC value saved froa the 
previous context is adjusted to point to the location which contained the 
»onitor breakpoint* 



106427 000340 
004767 177600 
032737 001000 007706 

0OI4O5 

042737 OOIOOO 007706 

000167 002466 

032737 000200 007706 

0OU55 

032737 000400 007706 

001430 

013701 007750 

005741 

012700 007760 

012702 000004 

022001 

001403 

005720 

077204 

000414 

052737 020000 007706 

010137 007750 

052737 OOIOOO 007706 

032737 002000 007706 

001521 

012700 000002 

000406 



BRKPTII ms 
JS« 
BIT 

B£fi 
BIC 

JMP 



2»! 



4$! 



3$; 



51 : 



H 



BIT 
BNE 
BIT 

HOV 
1ST 
MOV 
HOV 
CHP 

m 

TST 
SOB 
BR 

BIS 
rtOV 
SIS 
BIT 
BEQ 
HOV 
BR 



#340 rdisable interrupts in case vector is daisied 
PCpUCSfiyE isave user context 
IF.BRKGtMFLAGSlrare we single stepping through a break 

JpDJnt 
2* inot 50 check if single st» or new breakpoint 

♦f.BRKGf^fFLAGSISreset condition 
$60 tifistall breakpoints and resuie execution 

#r,SST.e»FLA6Sl fare w single stepping? 

$HONIT iyesr so rat a breakpoint— enter ionitor 

IF.BRKAfHFLAGSnare breakpoints installed? 

5$ ino— user pro^ra* contains BRK» so sianal error 

?»$PCfRl tSet user PC 

-(Rl) fback UP to BRK instruction 

*BRKFILtR0 Undex breakpoint file 

♦4tR2 (four entries in file 

(RO)+tRl idid we in fact encounter a breakpoint? 

3$ iyesf so adjust PC» rio error sessase 

(R0)+ fadvance to next entry 

R2f4( 

5i fno latch—proarai contains BRK.,. signal error 

tF.TBASf^lFLABSlrshou ue need to print break point lessa^e 

RlfMiPC ffix PC 

♦F.BRKGjMFUGSlfshotf «e need to sinsle step 

♦F,KErPf0*FUGSi;no lessa^e if in keypad iode 

tHONIT iso just enter nonitor 

*2fR0 (indicate breakpoint service 

FERROR iso to fatal error handler to reenter nonitor 



106427 000340 
004767 177440 
012700 000003 



ITRAP is the illegal instruction trap routine. If a user prosraa yas runninSt 
the processor context is saved before invoking the monitor. 



ITRAPt; HTPS *340 idisable interrupts in case vector is daiaSed 
JSR PCfUCSAVE (save user context 
HOV #3»R0 Jindicate invalid instruction trap 
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1 
2 
3 

5 

7 

B 137350 

9 137352 

10 137356 

U 137360 

12 137362 

13 137370 

14 137372 

15 137374 

16 137402 

17 137406 

18 137412 
19 

20 137414 

21 137422 
22 

23 137424 

24 137426 

25 137430 

26 137432 
27 

28 137434 
137442 

29 137446 

30 137450 
137456 
137464 

31 137470 

32 137472 
137500 
137506 
137514 

33 137520 

34 137522 
137530 
137536 

35 137540 
36 

37 137542 

38 137544 

39 137546 

40 137550 

41 137552 

42 137554 
43 

44 



010046 
004767 
012600 
006300 
032737 
OOHU 
016002 
004767 
004767 
005037 
000466 

01603? 
000462 

137434 
137450 
137472 
137522 

012446 
0705U 
000000 
007525 
055240 
076732 
000000 
035206 
055214 
053605 
021025 
000000 
035206 
076453 
076732 
000000 

120 
174 
163 
124 
163 
006 



H 



FERROR signals errors for the above routines and others in the keypad »onitor. 
If the keypad ionitor is runninSf the errors are displayed wi the LEDs. Far 
the console ionitori the error lessa^es are displayed on the console. 



175646 



002000 007706 

137422 
174122 
174360 
007630 



FERRORIIKOV 
JSR 
MOV 
ASL 
PIT 
BEQ 
MOV 
JSR 
JSR 
CLR 

2»: BR 



ROf-<SP) rsave error nuober 

PCjIOVECT fiake sure interrupt vectors aren't daiaaed 

(SP)trRO iset error nuiber 

RO iturn it into an inde>i 

ir.KETPT^tFLAGSiiare He in keypad aode? 

1$ iwsr 50 no console lesssde 

F(fESAG-2(R0)tR2 (start address of selected iessa^ 

PC.CRLF Jsend <CR> <LF> 

PC?PRINT fprint r3dix-50 lessa^e 

etBP riake sure nothina left in buffer 

$MDNIT 



137542 007726 HI MOV 
BR 



FERCHR(RO).HSPCLBF 

tMONIT 



fput two character error code on LEEs 



fpointers to error lessaSes 



074444 
042300 

003770 
020563 
017740 

004051 

071713 
054007 
014400 

004051 

042320 



076 
071 
174 
006 

155 
174 



fne5ag;;.uord fhesgi 

.uord fmes62 

.udrd fmesg3 

.yORD FMESG4 

017502 FMESGli .RAD50 /CONSOLE BREAK/ 



.UOftD 
063141 FMESG2: .RAD50 /BREAK POINT ENCOUNTERED/ 

060426 

.UORD 
014411 FMESG3: .RAD50 /INVALID INSTRUCTION ENCOUNTERED/ 

077167 
102604 

.UORD 
014423 FMESG4: .RAD5C' /INVALID STACK POINTER/ 
057466 

.UDRIl 



fPfU (Ur Error) 

fbjC (Cb Error) 

JPrb (bP Error) 

InjI (In Error) 

;p»S (SP Error) 

il,b ibl Error) 



ferchr:;.8YTE 


120r076 


.BYTE 


174-071 


.BYTE 


U3-174 


.BYTE 


124,006 


.BYTE 


I63Fi55 


.BYTE 


006-174 


■ EVEN 
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t+ 



HDNITl is the lonitor enirv point to be used for nonsl exit frok user 
proarais. The processor context is savedt except for the PC» which retaifi; 
its previous value so thst the F-roSrai can be rur. aSain. (MONIT is the 
entry point used by lonitor routines after the processor context has been 
saved. 



10 13755i 

11 137560 

12 137564 

13 137570 

14 137576 

15 137600 
14 137604 

17 137610 

18 137612 
IV U76U 

20 137620 

21 127622 

22 137624 

23 137626 

24 137630 

25 137634 

26 137642 

27 137644 

28 137650 

29 137654 
30 

31 137662 

32 137670 

33 137672 
34 

35 137476 

36 
37 

38 

39 



106746 
013746 
004767 
032737 
001426 
012700 
016001 
001404 
005720 
016011 
005740 
024040 
005700 
100366 
013704 
032737 
001404 
004747 
004767 
042737 



007750 
177214 
000400 007704 

000014 
007760 



007760 



007750 
020000 007706 

015400 
015314 
030400 007706 



3$: 



4«: 



03273? 002000 007706 

001402 

000167 003026 

000167 000276 

000074 



moniti;:nfps 

NOV 
JSR 

tHONiT::&iT 

BEO 

mv 

BEQ 

TST 
HOV 
TST 
C«P 
TST 
BPL 
HDV 
BIT 
BEQ 
JSR 
JSR 
8IC 



BIT 
BED 
JMP 

JHP 



2«: 



II : 



-(SP) ipush PSr PC like froB a trap 

H$PC»-(SP) fbut keep previous user PC value 

PCfUCSftUE FS3ve user context 

*F.BRKA»HFLAGSlfbre3kPDints currently installed? 

2$ ino 

«014>R0 

BRKFIL(R0).R1 

4( 

(RO)t 

6RKFIL<ftO]i{f;'l) 

-(RO) 

-(R0))-<RO> 

RO 

3( 

M>PCiR4 



i index last breakpoint address 
rSet breakpoint address 
fthis breakpoint 15 not defined 
fpoint to previous contents 
■'restore contents of breakpoint 
fSo back to address 
Jbackup to next address 



.REPT 
.BYTE 
.ENBR 



ido four entries 

ipoint to next location 
tF.TBASi^tFLAGSlfSee if ue should print lessa^e 
2$ ibranch if not 

PCtTYPADR Jtype address 
PC»TYPLOI rdisasseible next instruction 
*F.BffiCA4F.APPL+F,TBAS,MFLAGSl iindicate breakpoints reioved 

rand enable break on "C 
*F,KEYPiMaAGSlfke«P3d tode? 
li tyesr ^0 to keypad ftonitor 

CHONIT iand So to console lonitor 

KNONIT 

<140000-.> 
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140000 000167 015330 
OOOli? 176742 



140(H4 00CH67 175752 



10 140004 

11 

12 

13 140010 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 140020 

26 

29 

30 

31 140024 

32 

33 

34 

35 H0030 

36 

37 

3S 

39 

40 

41 140034 

42 

43 

44 140040 

45 

46 

47 140044 

48 

49 

50 140050 

51 

52 

53 

54 1400S4 

55 

56 

57 



000167 177542 



000167 176012 



000U7 176014 



000167 176332 



000167 176304 

000167 176272 

00016? 176366 

000167 176440 

000167 176466 



t+ 



.SBTTL Entry Points 



MONITOR ENTRY POINTS! 



start;: jmp 
rstartiijmp 



DIAGNO 

»HALT 



HONITR:;JhP HOHITl 



rdo diasnosticsf then initialize lonitor 

jHALT instructions and halt line vector 
isave context and restart monitor 

istsndapti ■onilor entry (no error condition) 
tfrot user proaram save cont8;;t and penove 
ibreakpoints 



++ 



KETPAS/LED UTILITY ENTRY POINTS! 



DGDISPIIJhP 



BSPDIG 



uppisp;;j«p 



DSPUMH 



LODISPItJMP DSPLNN 



decdsp:;jmp dspdec 



upblhk::jmp 


filNKHI 


ldblhk::jhp 


BLNKLO 


G£TKEV::jf1P 


KEYGET 


bcokey:;jhp 


KEY8CD 



6Etnu«::jnp 



H\mn 



hex 



tHisPlaif DUiber in RO bits 3 to as a 
idiait at LED position indexed b^ Rl. 
iRl=I2jl0t06j04t02f0O -- loner display dibits 
fRl=13til»07»05j03r01 — upper display dibits 
iRO bits 15 to 4 are clearedf 2 is added to Rl 

rfiisplaij ntitber in R2 as a 6 di^it octal value 
Jin the upper roH of LEOs. Returns 15 in Rl 
iand darbaae in RO. 

rDisplay nuaber in R2 as a 6 didlt octal value 
Jin the lower raw of LEOs. Returns 14 in Rl 
rand ^arba^e in RO. 

rDisplay nmber in Rl as a 5 di^it decimal 
fvalue on the roH of lEPs iniJexed by R2. 
fR2 = 010 for the lower rowt Oil for the upper 
iReturns zero in R! and R3t and garbage in RO 
land R2. 

iBlaf* the uppbp row of LESs, Returns zero in 
fRO and sarba^e in Rl. 

fBlank the lower row of LEDs. Returns zero in 
iRO and SarfcaSe in Rl> 



tTurn on LEDs and wait for a keypress. 
ikey nuiber in Rl, Modifies KEYPIV, 



Return 



jTranslate key nusber in Rl to a &CD value for 
ikeys to 9t 012 for the CLR key? 013 for the 
fEX/ENTR keyt and -i for all other keys. 

IDisplay nuiber in R2 as an octal value on the 
llower row of LEDs. Activate keypad and allow 
tuser to •odify the value in R2 with the keys 
iO through 7 and CLR. Return the value in R2. 
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56 ichsn^ed or noii yhen user presses EXA. Uses 

59 fR2> n, and RO. 
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CONSOLE LIKE UTILITY ENTRY POINTS: 



140060 O0OU7 000104 



9 140064 
10 

n 140070 
12 
13 
14 
15 

16 140074 
17 
18 

19 140100 
20 
21 
22 

23 140104 
24 
25 
26 
27 
28 

29 140110 
30 
31 

32 140114 
33 
34 
35 

36 

37 140120 

38 

39 

40 140124 

41 

42 

43 

44 

45 

A& 140130 

47 

48 

49 

50 140134 

51 

52 

53 

54 140140 

55 

56 

57 



000167 
000167 



173346 
173222 



000167 173306 



000167 173306 



000167 173316 



000167 173334 



000167 174022 



000167 173400 



000167 173400 



000167 173404 



000167 173414 



000167 173462 



JHP 

JNP 

JMP 

JNP 



FIXBP 

GETBP 
GETCH 

GETICH 



JMP GETCHC 



JHP 



6ETNXT 



JMP PURGE 



JHP ECHO 



JMP CRLF 



JMP CHROUT 



JMP CHROl 



JMP CHR02 



JMP ASCOUT 



;PrD»pt for 3 lirie froi the console. Return 
ithe line in BUFFER with R3 cleareij. 

ilransfer the back pointer (BP) to R3. 

(Retrieve character indexed by R3 froi BUFFER. 
IReturns character in ROt R2 increitented ba 1. 
iReturns H set if character is s sepsrstorr 
fC set if it is lower case. 

jRetfieve character indexed b« <R3 - 1) froa 
JBUFFEfi. Returns saie as GETCH. 

JRetrieve character indexed by R3 from BUFFER 
fwilhout foldina lower case. Returns character 
Jin ROf and R3 increiented by 1. 

jRetrieve next character which is not a 
{separator froi BUFFER starting at location 
(indexed ba R3. Returns character in RO with 
ilflwer case folded) R3 indexes next character 
lin BUFFER. 

fEliiinate BUFFER contents below location 
hndexed by BP. 

fEcho contents of BUFFER to the console 
istaftins with location iDdexed by R3. Returns 
iR3 indexing BUFFER location Just beyond last 
lechaed character. 

(Send a carriage return and line feed to the 
(Console (and printer). 

fSerid a (pair of) character(s) to the console 
((and printer)- Character to be sent should 
fbe in lower byte of RO. If upper byte of RO 
Sis non-zerof it will be sent as a second 
rcharactert 

fSend a single character froi the lower bate 
»of RO to the console (and printer). Returns 
!R0 with its bate swapped. 

tSertd a sinsle character froa the lower bate 
iof RO to the printer (aux. pert) only. 
^Returns RO with its bates swapped. 

fOulPut an ASCII character in the lower 7 bits 
iof RO as a visible (strin3 of) ch3r3cter(s) 
rou the console. Control characters are output 
Jas "<letter>i with ewceptioffs <SP>p<ESC>.;DEL; 
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58 






59 140144 


000167 


173604 


60 






61 






i2 






63 






64 






65 






66 






67 






68 140150 


000167 


004346 


69 






70 140154 


000167 


004332 


71 






72 140160 


000167 


014560 


73 






74 140164 


000167 


014470 


75 






76 140170 


005037 


007630 


77 140174 


000167 


173040 


78 
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H 



M PRIN7A tOutput 3 string of bytes to the console (and 
fppinter). Rl points to start of strinSf uhich 
riust end with a bUnk bvte. Returns Rl 
ipointina to byte Just after blank bifte, 



PARSING tm OUTPUT UTILITY ENTRY POIHTS! 





JHP 


GETEXP 




JKP 


GENEXP 




JMP 


TYPOCT 




JMP 


TYPBEC 


FIXPP! 


aR 


H»P 




JttP 


GETLIN 
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.SBTTL Keypad Monitor 



3 

4 140200 

5 140206 

6 140214 

7 140222 

8 140230 

9 140234 

10 140236 

11 140242 

12 140246 

13 140250 

14 140254 

15 140262 

16 140264 

17 H0272 

18 140276 

19 140300 

20 140302 
21 

22 140306 

23 140314 

24 140322 

25 140326 
26 

27 

28 140330 

29 140334 

30 140340 

31 140344 

32 140352 

33 140354 
34 

35 140360 

36 140362 

37 140364 

38 140366 

39 140370 

40 140372 

41 140374 

42 140376 

43 140400 

44 140402 

45 140404 

46 140406 

47 140410 

48 140412 

49 140414 

50 140416 

51 140420 

52 140422 

53 140424 

54 140426 



042737 
042737 
042737 
052737 
012704 

010402 
004767 
013705 
010502 
004767 
032737 
001411 
042737 
013702 
001403 
011202 
004767 



000077 
000001 
000001 
000010 
000007 

175650 
007750 

175570 
000200 

000200 
007754 



175530 



01273? 140330 

112737 000007 

104427 000240 
000777 



005037 007676 

012706 007462 

005037 007726 

112737 000010 
006301 

000171 1403A0 

141110 
140430 
140430 
140430 
140430 
140430 
140430 
140430 
141122 
140430 
140430 
140430 
141232 
141372 
141610 
141550 
141706 
141714 
141462 
141650 



007706 khoniti:bic 

007756 BIC 

007754 BIC 

007706 BIS 

MOV 

MOV 

JSff 

MOV 

MOV 

JSR 

007706 BIT 

B£Q 

007706 BIC 

HOV 

BEQ 

HOV 

JSR 

007676 KLOOP:: MOV 
177444 MOVB 

MTPS 

1$: BR 



KEYCMD!:CLR 
MOV 
CLR 

177444 keycmi;:hovb 

ASL 

JMP 

dsptbl:i.uord 

.UORD 
.UDRD 
.UORD 
.UORD 
.WORD 
.UORD 
.UORD 
.UORD 
.WORD 
,UORD 
.UORIi 
.yORD 
.UORP 
.UORD 
.WORD 
.UORD 
.UORD 
.UORD 
.UORIi 



♦000077 -MFLftGSl 
theUADIiR 

thenuATCH 

»F,REG.e*FLAGSl 

«007?R4 

R4»R2 

PC.DSPNAM 

MJPCrRS 

R5fR2 

PCfliSPLNH 

tF.SST>e*rLAGSl 

KLOOP 

*F.SST»MFLAGS1 

e«$UATCHfR2 

KLOOP 

0R2»R2 

PCiDSPUNM 



iclear previous iode 

!(i3ke current address and wstchpoint even 

fin c3se ue caae froa console lonitor 

iset register select node 

lirrtiei; PC 

fset UP to display ' PC 'on upper LEDs 

Idisplaij it 

isel PC contents 

iset UP to display on lower LEDs 

idisplsa it 

ruere we single stepping? 

rno 

fclear condition 

fis there a gatchpoint? 

fno 

F3et uatchpoint contents 

jdisplay wstchpoint contents in upper disples 



♦KEYCHDiMKEYPIVilink cowand input routine to keypress vector 

*OO7r0*PtPORC Hum on LED display 

♦240 tenable LED display interrupt 

1$ f«3it for kespress> kea code returns in Rl 



e*KEYPIV 

»STACK»SP 

MSPCLBF 

*010f?*P»PORC 

Rl 

?DSPTBL(R1) 

»CLR 

JMUMEP 

<NUHER 

$NUMER 

$NUHER 

tHUMER 

(NimER 

*NU«ER 

$EXAM 

INUMER 

$NUHER 

JNUMER 

im 

tBACK 

(REG 

«ADDRK 

JSST 

♦GO 

♦BRKP 

$FUMC 



disconnect keypress vector 

POP saved registers and return vector 

turn off flashins erron if any 

turn off LED displs;; for faster e^iecutioii 

iake 3 uord index of Rl 

dispatch to appropriate routine 



CCLR] 
[ 1 ] 
[ 4 
[ 7 





[EXA] 
E 3 ] 
[ 6 ] 
[ 9 ] 
[ADV] 
[BAG] 
[REG3 
[ADD] 
[SST] 
[GO ] 
[BPT] 
[FUC] 



A-42 



T-11 Evalgstion Module Mordlor 
Keypad Honitor 



HACRO V05.00 Sunday 13-ll3r-83 04! 10 P33e 35 



.5BTTL Key Coiisnd Routines 



140430 
140432 
14043^ 

7 140444 

S 14044i 

9 140452 

10 140454 

11 144460 

12 140462 

13 140470 

14 140472 

15 140500 
U 140502 

17 140504 

18 140512 

19 140520 

20 140522 

21 1405IO 

22 140532 

23 140534 

24 140536 

25 140540 
26 

27 

28 140542 

29 140550 

30 140552 

31 140554 
32 

33 140560 

34 140566 

35 140570 

36 140574 

37 140602 

3a 

39 140606 

40 140614 

41 140616 

42 140622 

43 140626 

44 140630 
45 

46 140634 

47 140642 
4B 140644 

49 140650 

50 140652 

51 140654 

52 140660 

53 140662 
54 

55 140666 

56 140672 

57 140676 



176056 
000040 

000004 

000010 

000005 

000002 



000002 
000005 



006201 
004767 
032737 
001403 
C20127 
101315 
032701 
001404 
032737 
001306 
032737 
00 1001 
005005 
052737 
032737 
001004 
042737 
006305 
006305 
006305 
006305 
060105 



032737 000005 
001511 
010502 
004767 175264 

032737 000001 
001007 

010537 007756 

042737 000001 

000167 000362 

032737 000004 
001407 

013700 007756 

004767 001330 
010510 

000167 000334 

032737 000010 
001420 

020427 OOOOiO 
101006 
006304 

010564 007732 
006204 
000167 000302 

013700 007754 

004767 001260 
010510 



000002 007706 



INlittERIlASf? 
M 
007706 BIT 
BE8 
CHP 
BHI 

4$: BIT 
6EQ 
PIT 
BNE 

H! BIT 

CLR 

3j: bis 

BIT 
BNE 
BIC 
ASL 
2t{ ASL 
ASL 
ASL 
ADD 



007706 digexe::bit 

BEO 
JSR 



007706 
007706 



007706 

007704 



007706 



007756 



007706 2V, 



007706 3»! 



5i; 



BIT 
BNE 
MOV 
BIC 
JHP 

BIT 
BED 
HDV 
JSR 
HOV 
J«P 

BIT 
BEQ 
CMP 
BHI 
ASL 
«0V 
ASR 
JHP 

MOV 
JSR 

Moy 



Rl ; restore key nuoitier 

PC»KEYFCP JSet BCP valiie for Key code 

»F.FUMC»?JFLAGSlri5 6iiii b function selection? 

4$ rno 

RljtC04 iis disit higher than 4? 

KIOOP ises» ignore diail 

*OO0OiO.Rl J is it 8 or 9? 

It !no! a le^sl octal di^it 

♦F.DATA+F.ADDRjHFLAGSI ino B or 9 3S dsta or address mfut 

KLCK^ fianore the* if pressed 

#F.CHAN»etFLftGSi;h35 3 dieit Key already been pressed? 

3$ laesf Jijst scroll di3it5 m 

R5 ielse initialize di^it accunulator 

*F,CHAN»«FLAGSi; indicate that a di^it ha^ been pressed 

»F,DATAtF.ADDR.g»FLftGSl faddress and data entry scroll dibits 

2« 

#F. CHAN rMFLAGSi; others have sinale di^it entry 

R5 rppcpare for fourth bit (liaht be 8 or 9) 

R5 iscroll di3it into R5 (diait sccusulator) 

R5 

R5 

R1-R5 

fHw do execution associated with diait input 

fClear Key Joins us here 
tF.DATA'fF.ABDRfetFLAGSl rJust display new data or address 
1$ (for others* do special displays instead 

R5rR2 f^t neu value 
PCfBSPLNH iand display on lower LEDs 

♦F.LATAiBIFUGSlifor addressesr store in ifiDDR 

2$ 

R5re»iADDR 

41f?ttA[iDR tiaKe sure address is even 

KLOOPl Jtake another Key 

*F,ADDRfP»FLA6Si;b>jt data can 3o nany places-are we poking RAH? 

3t Sno 

PHADDRtRO (yesf aet 3 copy of current address 

PCfKABRCH Jcheck that it is not in protected RAW 

RStPRO fplace data at current address 

KLOOPl Hake another Ke'i 

#F.RE5fP*FLAG51 ichenSin^ registers or watchpoint contents? 

4$ fno 

R4ft000010 Jdoes R4 index a register (0 thru 7 and PS)' 

51 im m sho«id be 000011) 

R4 ;»3ke it a word index 

R5t$R0(R4) fand place data in user re^istef 

R4 ; restore R4 

KLOOPl HaKe another key 

MiUATCHfftO lassuie R4 indexes watchpoint contents 
PCfKAI«CH fcheck that it is not in protected RAH 
R5i0RO Ideposit data into watchpoint location 
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58 140700 


000167 


000264 






59 










60 140704 


032737 


000020 


007706 


4«: 


il 140712 


001526 








62 140714 


020427 


000014 






63 140720 


103416 








64 140722 


020427 


000017 






65 140726 


101013 








66 140730 


006304 








67 140732 


006304 








68 140734 


010564 


007700 




100* : 


69 140740 


042764 


OOOOOl 


007700 




70 140746 


006204 








71 140750 


006204 








72 140752 


000167 


000212 






73 140756 


010537 


007754 




6(: 


74 140762 


042737 


OOOOOl 


007754 




75 140770 


000167 


000174 






76 










77 140774 


032737 


000040 


007706 


1$: 


78 141002 


001407 








79 141004 


010100 








80 141006 


012701 


000004 






81 141012 


004767 


174754 






Q2 141016 


000167 


000146 






83 










84 141022 


032737 


000010 


007706 


7i! 


85 141030 


001457 








86 141032 


010504 








87 141034 


020427 


000011 






88 141040 


001414 








89 141042 


010402 








90 141044 


004767 


175042 






91 141050 


006304 








92 141052 


016405 


007732 






93 141056 


006204 








94 141060 


010502 






9»: 


95 141062 


004767 


174756 






96 141066 


000167 


000076 






97 










98 141072 


013702 


007754 




8$; 


99 141076 


004767 


174734 






100 141102 


017705 


046646 






101 141106 


000764 








102 










103 










104 141110 


005005 






$clr; 


105 141112 


042737 


000002 


007706 




106 141120 


000610 








107 










lOB 










109 










110 141122 


032737 


000004 


007706 


lEXAH 


111 141130 


001421 








112 141132 


013702 


007756 






113 141136 


004767 


174674 






114 141142 


017705 


046610 
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JNP 
BIT 

m 

CHP 
8LD 
ChP 
BKI 
ASL 
ASL 
HOV 
BIC 
A5R 
ASR 
JMP 
NOV 
BIC 
JMP 

BIT 
BEQ 

mv 

HOV 
JSR 
JMP 

BIT 
BEQ 
MOV 
CMP 
BEQ 
NOV 
JSR 
ASL 
NOV 
ASR 
NOV 
JSR 
JMP 

HOV 
JSR 
HOV 



CLR 
BIC 



KLOOPl 



rtake another key 



tF.BRKSfetFlAGSltchan^in^ breakpoint or watchpoint address? 



KLOOPl 

R4i #000014 

6i 

R4. 1000017 

6* 

R4 

R4 

R5fBftKFIL-060(R4) 

«lfBitKFIL-060(R4) 

R4 

R4 

KLOOPl 

RSFgHyATCK 

nfMIUATCH 

KLOOPl 



tnot ignore (stranSe! that was a safety check) 
fR4 indexing a breakpoint? 
(not it's not 

ifiOf it's not 

Siske an inde:< for word pairs 

jplace data in breakpoint address file 
iiake breakpoint address even 



Hake another key 

rassute R4 indexes watchpoini address 
fiake uatchpoint address even 
itake another key 



♦r.FUNCjg^FLAGSlfare we entering a function code? 



7$ 

RhRO 

t4iRl 

PCtBSPDIG 

KLOOPl 

«F.RE6i9«FLAGSl 

KLOOPl 

R5fR4 

R4f*O0O0U 

8i 

R4fR2 

PCfDSPNAN 

R4 

$R0(R4}tR5 

R4 

R5rR2 

PCjDSPLNM 

KLOOPl 

et$UATCHrR2 

PCjBSPUNH 

eiUATCHtRS 

9$ 



inot iust be entering a register nuiber 

r^et new digit 

(index 3 lower display digit 

(display new digit 

(take another key 

(be sure we are selecting a register 

(else ignore key 

(save selected register nuiber 

(are watchpoint contents selected? 

(yesr do special display 

(display register's naae on upper LEDs 

(iake a word index 
(get register's contents 

(display on lower LEDs 

(take another key 

(get watchpoint address 

(show it on upper display 
(get watchpoint contents 



R5 (clear digit accuaulator 
tF.CHANt8^LAGSl(in case of single digit iode 
DIGEXE 



.ENABL LSB 

BIT tF.AIIDRie#FLAGSl(exaBining RAH? 

BEQ 1( (no 

MOV 9t<AIIDRrR2 (get current address 

JSR PCfDSPUNM (show it on upper display 

MOV eiADDfitR5 (get contents 
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lis 14114« 


010502 






GKEXAN 


::nov 


RSrR2 


r^en«ral exaiin« entrs point 


lU 141150 


004767 


174670 






JSR 


PCrDSPLNH 


fshov it on louer displaid 


117 141154 


052737 


000001 


007706 




BIS 


tF.DATAf»FLAGSlfdo to iaU entrv »aie 


118 141162 


042737 


000002 


007706 




BIC 


tF.CKANreiFLAGSliindic8t« no chanae vet 


119 141170 

120 

121 141174 


000167 


177112 




KLOOPl 


J JHP 


KLOOP 


rtake another ke» 


032737 


000010 


007706 


liJ 


BIT 


»F.REG'e*FLASSl 


, fexaiinins a register? 


122 1412d2 


001403 








BEQ 


2% 


>no 


123 141204 


005704 








TST 


R4 


iR4 initialized to -1 by *REG 


124 14120^ 


10635? 








BPl 


GNEXAN 


icwtents p'jt in 1^ by UIGEXE 


125 141210 

126 

127 141212 


100767 








B»fl 


KlOOPl 


fisnore EXA(i» iake user push a disit first 


032737 


000040 


007706 


2»: 


BIT 


tF.FUHCjflFLAGSltexKuticns special function? 


128 141220 


001763 








BEQ 


KLOOPl 


fisnore all other occurrences of EXAh 


129 141222 


005705 








TST 


R5 


iRS initialized to *1 by *FUNC 


130 141224 


100761 








m 


KLOOPl 


iianore EXANr iake user push a dialt first 


131 141226 


000167 


000774 






JHP 


DDFUNC 


lexecute special function 


132 










.OSABL 


LSB 




133 
















134 
















135 










.ENABL 


LSB 




136 141232 


032737 


000004 


007706 


$ADv:; 


BIT 


tF.ADDRrStFLAGSlisteppiM throuA addresses? 


137 141240 


001405 








BEQ 


1$ 


ino 


138 141242 


005237 


007756 






INC 


ettAOBR 


iSo to next word 


139 141246 


005237 


007756 






INC 


e*$ADBR 




140 141252 

141 

142 141254 


000723 








BR 


lEXAH 




032737 


000010 


007706 


li! 


BIT 


tF.REG»»FLAGSl 


isleppins through reSisters? 


143 141262 


001425 








BEQ 


2t 


ina 


144 141264 


005204 








INC 


R4 


r register index 


145 141266 


020427 


000011 






CtfP 


R4f 1000011 


f don't step past watchpoint contents 


146 141272 


103411 








BLO 


31 




147 141274 


012704 


000011 






NOV 


4000011 rR4 


rselect watchpoint contents 


148 141300 


013702 


007754 






m 


9HIMTCHrR2 


(set watchpoint address 


149 141304 


004767 


174526 






JSR 


PCpDSPUNN 


fshow it on wwr displaa 


150 141310 


017705 


046440 






HOV 


»WATCHtR5 


rSet uatchpoint contents 


151 141314 


000714 








BR 


6NEXAH 




152 
















153 141316 


010402 






31 : 


KOV 


R4fR2 


rdisplay register's naae on upper lEDs 


154 141320 


004767 


174566 






JSR 


PCiDSPNM 




155 141324 


006304 








ASL 


R4 


riake s word index 


156 141326 


016405 


007732 






NOV 


iR0<R4)fR5 


ftet register contents 


157 141332 


006204 








AS» 


R4 




158 141334 

159 

160 141336 


000704 








BR 


GNEXAN 




032737 


000020 


007706 


2%\ 


BIT 


tF.BRKSrHFLAGSlisteppinS through breakpoints? 


161 141344 


001711 








BEQ 


KLOOPl 


inoi ignore advance 


162 141346 


005204 








INC 


R4 


Uncrewnt breakpoint index 


163 141350 


020427 


000012 






CHP 


R4it000012 


fdo special increient pattern 


164 141354 


001001 








BNE 


4« 




165 1413S6 


005724 








TST 


{R4)f 




166 141360 


020427 


000017 




4«: 


m 


R4f#0000l7 




16? 141364 


101440 








BIDS 


BRKPl 


tiake breakpoint display 


168 141366 


005304 








DEC 


R4 




169 141370 


000436 








BR 


BRKPl 




170 
















171 
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172 H1372 

173 141400 

174 141402 

175 I4140i 

176 H1412 
177 

178 141414 

179 141422 

180 141424 

181 141426 

182 141430 

183 141432 
184 

185 141434 

186 141442 

187 141444 

188 141446 

189 141452 

190 141454 

191 141460 
192 

193 
194 

195 141462 

196 141466 

197 141470 

198 141474 

199 141500 

200 141502 

201 141504 

202 141506 

203 141512 

204 141514 

205 141516 

206 141520 

207 141524 

208 14^532 

209 141540 
210 

211 141542 

212 141546 
213 

214 

215 141550 

216 141554 

217 141560 

218 141564 

219 141566 

220 141572 

221 141600 

222 141606 
223 

224 

225 141610 

226 14U14 

227 141620 

228 141624 



032737 
001405 
005337 
005337 
000643 

032737 
001404 

005304 
100333 
005004 
000731 

032737 
001652 
005304 
020427 
103005 
012704 
000402 



012704 
010402 
004767 
020427 
103420 
006304 
006304 
016405 
006204 
006204 
010502 
004767 

042737 
052737 
000441 

013705 
0007A3 



012702 
004767 
013705 
010502 
004767 
042737 
052737 
000416 



012702 
004767 
012704 
004767 



000004 007706 »BACK:! BIT 

BEQ 

007756 DEC 

007756 DEC 

BR 



000010 007706 6$; 



000020 007706 71! 

000014 
000011 



BIT 
BEQ 

DEC 
6PL 
CLR 



BIT 
BEQ 
DEC 
CMP 
BHIS 

BR 
.DSABL 



000014 

174416 
000014 



007700 



174320 

000077 007706 
000021 007706 



007754 



$brkp:: kov 
BRKPi: m 

JSR 
CUP 
BLO 
ASL 
ASL 
NOV 
ASR 
ASR 
HOV 
JSR 

BIC 
BIS 



2«I 



HI 



HOV 
BR 



000012 «a£drk::nov 

174332 JSR 

007756 KOV 

HOV 
174252 JSR 

000077 007706 BIC 
000004 007706 BIS 

BR 



000013 
174272 
177777 
174506 



$REG!: NOV 
JSR 
HDV 
JSR 



tF.ADDRtetFLAGSlisteppinS throu^ addresses? 

6< im 

9t%tiliW iSQ to next uord 

»tADDR 

lEXAH 

»F.R£G»MFLAGS1 isteppinS throuSh registers? 
7t !no 

R4 

3$ ('prevent underflow 

R4 

3$ Jcontinue in WDV 

tF.BRKSt?tFlAGSlfsteppin^ through breskpoirrts? 



KLOOPl 

R4 

R4r (000014 

BRKPI 

*000011iR4 

BRKPI 

LSB 



inoi ignore backup 
fdecretent bre^point index 
ido special decreient pattern 
riake breakpoint displa<j 
f index uatchpoint 



f index breakpoint 

ishau naie of breakpoint on upper display 

!indexin3 Matchpoint or a breakpoint? 

ithe watchpoint 

riake an index for word pairs 

iset breakpoint address 



#000014 tR4 
R4rR2 
PCrDSPNAK 
R4r*0O0014 

li 

R4 

R4 

BRKFIL-060(R4)»R5 

R4 

R4 

R5tR2 fdisplav it on louer LEDs 

PC.DSPLNH 

#000077rHFLAGSi;clear previous tode 

«F.BRKS+F.DATA.«FLAGS1 Jset breakpoint and data tode 

KL00P2 

MiUATCKtR5 i^et uatchpoint address 
2t 



f^et previous address 
ishow it on louer display 



#012jR2 JproiPt with ' Addr ' on upper displau 

PCfDSPMAH 

MtADDR>R5 

R5fR2 

PCrDSPLNH 

*000077je#FLA6Sliclear previous tode 

IF.ADDRfetFLMSliset current address entr^j lode 

KL00P2 



t013fR2 
PCpDSPNAH 
#-lfR4 
PCpBLMCLO 



Iproipt with ■ rEG * on upper display 

rinitialize register index to illegal value 
iand blank lower display 
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229 141630 

230 141636 

231 141644 
232 

233 

234 141650 

235 141654 

236 14U60 
217 141664 

238 141670 

239 141676 

240 141704 
241 

242 

243 141706 

244 

245 141714 

246 141722 

247 141724 

24« 141732 

249 141734 

250 141742 

251 141746 
252 

253 141752 

254 141756 

255 141762 

256 141766 

257 141772 

258 142000 

259 142004 

260 142010 

261 142014 

262 14Z022 

263 142024 

264 142030 

265 142036 

266 142044 

267 142050 

268 142054 
26? 142060 
270 142066 
271 

272 142070 

273 142070 

274 142076 
275 

276 142100 

277 142104 

275 142U0 
279 142U2 
2B0 142114 

281 142120 

282 142124 

283 142126 

284 142130 

285 142134 



042737 000077 007706 BIC 
052737 000010 007706 BIS 
000167 176436 KLDOF'2: JHP 



012702 
004767 

06476? 
042737 
052737 
000757 



000020 

174232 

177777 
174446 

000077 007706 
000040 007706 



iFUNc:: Hov 

«0V 
JSR 
81C 
IIS 
BR 



IOO0077fetn.AGSi;cle3r previous lode 
tr.REfirMFLAGSl rsnd set register select feode 
KLOOP 



#020iR2 fProipt Mith * Tunc ' on upper displsij 

PCfBSPmM 

i-liK iiniUalize accutulstor to illegal value 

PCfSLHKLO iand blank loner diiPlan 

#OOOO77f0IFLAGSl)cle3r previous lade 
If.fOlfCfglFUGSlfsnd set function select iode 
KL00P2 



052737 000200 007706 $SST!: BIS IF.SSTiMFLAGSl jshow « are sinflle steppina 



023727 
101004 
023727 
1030C7 
042737 
412700 
000167 

013702 
013703 
013704 
013705 
013737 
013706 
013746 
042716 
032737 
001422 
052716 
012737 
012737 
012700 
013701 
013746 
052737 
000006 



032737 
001352 

012700 
012701 
013020 
077102 
012700 
012701 
005710 
001405 
012730 
005720 



007746 007400 iGOH ChP 

(601 ;: BHI 

007746 000004 CHP 

BHIS 

000200 007706 U! BIC 

000004 m 

175376 J«P 



007736 2%\ 

007742 

007744 

007700 007676 

007746 

007752 

000020 

000200 007706 

000020 4$: 

137174 000014 9t! 

000340 000016 

007732 

007734 

007750 

000100 007706 



001000 007706 5»! 



007760 
000004 



007760 
000004 



000003 



100»! 



200$: 



MDV 

mi 

hOV 
NOV 
MOV 
NOV 
BIC 
BIT 
B£Q 
BIS 
NOV 
NOV 
NtW 
MOV 
NOV 
BIS 
RTT 



BIT 
BNE 

NOV 
NOV 
NOV 
SOB 
NOV 
NOV 
T5T 
BEQ 
NOV 
TST 



e«SPt»SCRPAII iis user 5P in his RAH? 

1$ ino) show error Mssage 

KJSPf»4 »and is there rooi for 2 pushes? 

2% Jsesf SP is acceptable 

»F.SSTiHFLAGSl telse abort 

♦4iR0 tSF Error 

FEfWQR i^D to fatal error hartdler to reenter Mriitcr 

e*iR2jR2 frestore user context* 

M$R3tR3 

9»R4>R4 

H«R5fR5 

e»KEYPVSf«KEYPIV (and user kespress vector 

MtSPfSP fue're on user's stack now 

e»iPSp-(SP) fpush PS. PC like froi a trap 

#020j(SP) Jclear T-bit 

tF.SSIfetFLAGSl fare we single stepping? 



rno 

faesi set T-bit 

iiake sure BPT trap is still connected 

(finish restoring context 



3t 

»020.{SP) 
IBftKPTi8K14 
»340fH016 
?KROrRO 
»tRltRl 

MtfCr-(Sf ) fPush PC 
tF.USERtMFLAGSltshou we are running user code 
(and situlate return fro» trap 



♦FtBRKDiBtFLAGSlrsinale steppxna over a break point 

4t Fif yes then don't install 

tBRKFILffiO rstart of break point table 

♦4fftl (four entrys 

e((iO)+»(RO)t isuck UP data froa break point locations 

ftlrlOOi f 

♦BRKFIl.RO fstart of break point table 

<4tRl fsaae as last tiie 

(RO) [first see if there was realla one set 

3001 rbranch if not 

»3i?tft0)+ (set break point 

(R0)+ tskip to next 
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28& 14213A 
297 142140 
2B8 142142 
2&9 142144 

290 142146 

291 142154 
292 

293 
294 

295 142156 

296 142164 

297 142166 

298 142172 

299 142174 

300 142200 

301 142202 

302 142206 

303 142210 

304 142214 

305 142216 

306 142220 
307 

308 142224 
309 



077106 

000402 

032020 

000774 

052737 000400 007706 

000725 



032737 040000 007706 

001017 

020027 020000 

103014 

020027 007400 

103411 

020027 010000 

103403 

020027 017400 

103403 

005000 

000167 175124 



400(: SOB 

m 

300$: BIT 
BR 

500$; BIS 
BR 



KADRCHi BIT 
SHE 
CNP 
BKIS 
CKP 
BLO 
CMP 
BLO 
CMP 
BLO 
CLR 
JMP 



2J! 



Rli200$ 
500« 

(R0)+f(RO)f 
400$ 



}four entrys 

fskip this entpif 
fjo back for next 



000207 



ii: 



RTS 



.BRKAfHFLftGSIfiridicste breakpoints installed 
jand 90 



.PROTfHFLAGSllkeyi^ad scratch protection on? 
inoi deposit sni^uKere 

fis address above upper instance of scratchpad? 
Jyesf definitely doesn't address protected RAM 
jis it belou lower instance of scratchpad? 



#20000 
itSCRPAD 
rtlOOOO 



jis it within lover instance of scratchpad? 
ruesf address is illegal 
#SCRPAII+lOOO0;is it between instances of scratchpad RAM? 
r^est not tiithin thek* so address is OK 
f index user RAM error lessade 
;RR0R Jao to fatal error handler to reenter ionitor 

isddress is acceptable 
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2 
3 
4 142226 


006305 




5 142230 

6 

7 142234 


000175 


142234 


142246 




8 142236 


142270 




9 142240 


142572 




10 142242 


142320 




n 142244 


142562 




12 






13 142246 


012700 


000020 


14 142252 


105060 


007757 


15 14225* 


077003 




16 142260 


005037 


007754 


17 142264 


000167 


175710 


18 






1? 142270 


112737 


00000? 


20 142276 


000167 


177412 


21 






22 142302 


000454 




23 142304 


001130 




24 142306 


002260 




25 142310 


004540 




26 142312 


011300 




27 142314 


022600 




38 142316 


045400 




29 






30 142320 


012702 


000021 


31 142324 


004767 


173562 


32 142330 


113705 


007710 


33 142334 


042705 


177707 


34 142340 


006205 




35 142342 


006205 




36 142344 


016501 


142302 


37 142350 


012702 


000010 


38 142354 


004767 


174006 


39 142360 


004767 


174052 


40 142364 


020127 


000010 


41 142370 


001436 




42 142372 


020127 


000016 


43 142376 


103067 




44 142400 


020127 


000014 


45 142404 


001410 




46 142406 


020127 


000015 


47 142412 


001362 




48 






49 142414 


005305 




SO 142416 


005305 




51 142420 


100007 




52 142422 


005005 




53 142424 


000405 




54 






55 142426 


005725 




56 142430 


020527 


000016 


57 142434 


103401 
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dofukc::asi 

JHP 



CANCEL ;:mdv 

1«: CLRB 

SOS 
CLR 

fncwn: jmp 
go«led;;»idvb 

JHP 



5«: 



3t; 



SPEEBSJiMOV 
JSR 
HQVB 
BIC 
ASR 

m 
mi 
mv 

JSR 
JSR 

cw> 

BEQ 

CKP 

BHIS 

CKP 

BEQ 

CMP 

BKE 



OEC 
DEC 
BPL 

aR 

BR 

TST 
CKP 
BLD 



R5 
PFNCTBKRS) 



fmctbl::,uorb cftKca 

.WORD GO$LED 

.yORB CKOHl 

.UQRD SPEEDS 

.WORD MPROT 



t020rRO 

BRKFIL-KRO) 

RO,H 

^tiUATCH 

KNOMIT 

#00?.«P$PORC 



SPDTBL;:.M(tD 300. 

.WORD 600. 

.WORD 1200. 

.UORD 2400. 

.WORD 4800. 

.WORD 9600. 

.UORB 19200, 



2it 



»021rR2 

PC.BSPNAK 

«C0HFLG/R5 

1177707 -R5 

R5 

R5 

SPDTBL(R5),R1 

4010 >R2 

PCrDSPDEC 

Rl.JOlO 

U 

RlttOU 

101 

Rli#014 

2$ 

Rlt«015 

3i 

R5 
RS 
4$ 
R5 
4t 

(tCSH 

RS>m6 

4» 



rR5 was 0» If 2f 3t or 4 
fdispatch to selected function 

fO leans cancel breakpoints 

il leans turn on LEDs and 3d si user PC 

i2 leans cold start console lonitor 

;3 leans select baud rates and console type 

t4 leans disable keifpad lonitor scratch protec. 

;8 words in breakpoint file 
fclesr address/contents pairs 

■cancel uatchpoint also 
iio to register select lode 

Stum tm LEB displsjs 
iand io 



findex 'ConSol' 

fsbow proipt on upper displas 

i^et baud rate bits 

fiask out other fla^s 

fShift to word index position 

I set corresponding baud rate 

rindex lower displa<j 

fdisplay deciial nuBber 

Jwait Tor a kes 

iwas it 'Enter'? 

fuesj ao to aux port speed 

rwas is a fwKtion ke^? 

iwij exit 

fwas it advance? 

riiesi lodify baud rate 

Iwas it backup? 

inoi wait for another keu 

! decrease baud rate 

fshow new rate 
jppevent underflow 



I increase baud rate 

foverfloM? 

rno 
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58 142436 

59 142440 
AO 142442 
M 142444 

62 142446 

63 142452 

64 142456 

65 142462 

66 142464 
67 

68 142466 

69 142472 

70 142476 

71 142502 

72 142506 

73 142510 

74 142512 

75 142514 

76 142520 

77 142524 

78 142530 

79 142534 
BO 142536 

81 142542 

82 142544 

83 142550 

84 142554 
85 

36 142556 

07 

8B 142562 

89 142570 



005745 
006305 
006305 
006305 

106137 007710 
110537 007710 
106037 007710 
006205 
000725 



012702 
004767 
016501 
105737 
100002 
006201 
006201 
012702 
004767 
004767 
020127 
001653 
020127 
103005 
012700 
074037 
000750 



000023 
173414 
142302 
007710 



000010 
173642 
173706 
000010 

000016 

000200 
007710 



000167 175562 





TST 


-(R5) 


4$: 


ASL 


fi5 




ASL 


R5 




ftSL 


R5 




ROLB 


8IC0NFLG 




NOVB 


RS.MCONFLG 




RORB 


e»C0NFL6 




ASR 


R5 




BR 


5» 


u: 


NOV 


*022>R2 




JSR 


PCrDSPMAK 


81 : 


HOV 


SPBTBL(R5)rRI 




TSTB 


eiCONFLG 




BPL 


9» 




ASR 


Rl 




ASR 


Rl 


9%', 


m 


«010fR2 




JSR 


PCBSPOEC 




JSR 


PC.KErOET 




CMP 


RlitOlO 




BEQ 


FNCDON 




CHP 


RlftOU 




BHIS 


lOi 




HOV 


4F.A64X*R0 




XOR 


ROfMCONFLG 




BR 


8t 



10»I JHP 



KEVCMl 



fStore index in baud rate bits 



rFTeserve hi^ order bit (F.A64X) 



(index 'A. Port' 

>show proipt 

iset console baud rate 

(is 64 X set for auii port? 

f[u>r S3K speeds 

telse console rate / 4 

! index lower display 

rdisi^laij baud rale 

iwait for a Kes 

Jis it 'Enter'? 

fuesr finished 

iwas it a function button? 

r^est exit 

rnor to3dle aux port baud rate 

iCONFLG is an even bijte 

fwait for enter keij 

rexecute function ke<i 



052737 040000 007706 NPROTI 
000635 



BIS 



tF,P(iOT(MFLAGSlJturn off protection 
fUCWiH ho to register select inode 
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1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 

16 142572 

17 142A00 

18 142604 

19 112614 

20 142620 

21 142624 

22 142632 

23 142634 

24 142644 

25 142650 

26 142654 

27 142660 
2B 142664 

29 142672 

30 142676 

31 142704 

32 142710 

33 142714 

34 142720 
35 

36 
37 
38 

39 142724 

40 142732 

41 142736 

42 142744 

43 142752 

44 142754 

45 142762 

46 142770 

47 142776 
48 

49 143000 

50 143004 

51 143012 

52 143014 

53 143022 

54 143026 

55 143032 

56 143036 

57 143042 



.SBTTL Console Monitor 



012737 
012737 
012737 
005037 
105037 
142737 
105037 
012767 
113700 
052700 
010037 
004767 
052737 
106427 
012737 
004767 
004767 
012702 
004767 



006500 
040100 
000004 
007630 
007672 
000007 
007673 
133000 
007710 
000002 
177564 
172304 
002000 
000000 
000100 
170414 
170610 
143052 
171042 



++ 



Ust expression value. 

current teri value and scratch current address 

runninfl pointer for input buffer 

pointer and General passing to routines 

coiptitational scratch 

passing to bottoi level routines and scratch 



007746 
007330 
007325 



007710 
035214 

007706 
177560 



REGISTER usage: 

R5 
R4 
R3 
R2 
Rl 
RO 



Cold entrv point! 



CMDNlt: MOV t$UR>HtSP initialize user SP for console lonitor 

KQV «400llOOnOOf»tTIV>HOD rset default todes 

MOV IF.MILL*eRASLtMtiniti3lize last line fla^s 

CLR ?»BP finitislize console buffer pointers 

CLRB 8*HFP fclear host buffer pointer also 

BICB t007>9tC0NFLG rclear console line flaSs <hut not speed) 

CLRB MHSTFLG iclear host flass 

MOV tLINEINiCONIN ihook up console input service routine 

HDVfi HCOMFLGfRO r3et current baud rate 

BIS <000002fRO !enable pros, baud rater disable xAit interrupt 

MOV ROt?#CIXCSR Hransfer control «ord to console port 

JSR PCtSETAUX Jsflt aux port baud rate and disable 
PIS ■ ♦F.KEYPfHFLAGSlfdisable keypad lonitor 

MTPS #000 Jenable interrupts 

MOV »000100»e*C*RCSRJen3ble console receiver interrupt 

JSR PCrCRLF fstart a new line 

JSR PC.CRLF 

MOV *GRET.R2 ipoint to 3reetin3 Mssa3e 

JSR PCrPRIKT rti^ lesss^e 



H 



Han entry point! 



012767 133000 035126 CMOHIT!!MOV 

106427 000000 MIPS 

012737 000100 177540 MOV 

032737 004000 007706 BIT 
001412 BEQ 

012737 134540 000120 MOV 

112737 000046 007711 MOVB 

112737 000044 177452 MOVB 
000402 BR 

105037 007473 HI CLRB 

032737 000200 007704 2i: BIT 
001501 BEQ 

042737 000200 007706 BIC 

004767 004702 JSR 

013704 007750 MOV 

004767 012212 JSR 

004767 012124 JSR 

005737 007446 TST 



ILIHEINrCOHIN ihook up console input service routine 

♦000 ieneble interrupts 

♦00O100t*W;»RCSR; enable console receiver interrupt 

*F.HOSTre*FLAGSlhs host lode enabled? 

U ino» clear host flass to teriinate functions 

♦HOSTINfMAUXIN fhook up host input service interrupt 
l046f9tAUXFL6 tsave a copti of new AICREG value 
*046ietAtCREG ireenable aux port receiver interrupt 
2» 



8»HSTFLG 

»F.SST»«FLAGS1 

CH0N3 

#F.SSTfMFLA6Sl 

PCfTYPREC 

MSPCiR4 

PCfTYPADR 

PCiTYPLOI 

MREPEAT 



istop host activita 

iuere we single stepping? 

fnoj scrap line 

rclear fU^ froi 1601 routine 

fuesr display registers 

iPoint to next location 

rt>ipe address 

tdisasseible next instruction 

Jwere we repeating? 
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58 143046 


0014^3 




BEQ 


CM0N3 


59 14M50 


000476 




BR 


CNQN4 



fHO 

r»esr keep coHsnd line 
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143052 
143060 
143066 
143074 
143076 
143102 
143104 
143112 
143116 



076725 
045710 
070226 
000000 
001640 
000000 
007716 
021026 
000000 



000207 
051646 
143076 

004540 

023132 
046557 



055207 
035557 
000000 



GRETi .RfiDSO /TEH CONSOLE MONITOR VI. / 



what: 



001156 OVERFL! 



.WORD 





.RADSO 


/ WHAT / 


.umn 





.RAD50 


/BUFFER OVERFLOW/ 



.UDRP 



9 143120 

10 143124 

11 143130 

12 143134 

13 143140 

14 143144 

15 143150 

16 143154 

17 143160 
18 

19 
20 
21 
22 

23 143164 

24 143170 

25 143174 

26 143200 

27 143204 

28 143210 
29 

30 
31 
32 
33 

34 143212 

35 143216 

36 143224 

37 143230 

38 143234 

39 143240 
40 

41 
42 
43 

44 143246 

45 143252 

46 143256 

47 143262 
4B 143266 

49 143270 

50 143274 
51 

52 143276 

53 143304 

54 143310 



004767 
012700 
004767 
004767 
004767 
012700 
004767 
004767 
000167 



170400 
056007 
170374 
170276 
170776 
000134 
170354 
170344 
170602 



012706 007462 

012702 143076 

004767 177720 

012700 000077 

004767 170320 
000402 



004767 177702 

142737 000200 

012706 007462 

005037 007630 

005037 007466 

152737 000004 



000337 007324 

10S037 007324 

004767 170166 

005737 007466 
001403 

005337 007466 
000543 

113737 007331 

004767 170214 

012701 076725 



PRNERR!!JSR 
HOU 
JSR 
JSR 
JSR 
HOV 
JSR 
JSR 
JMP 



PCtCRLF 

♦400»1 34+007 rRO 

PCrCHROUT 

PC.GETBP 

PC. ECHO 

tl34fR0 

PCiCHROUT 

PC.CRLF 

PRIHT 



;tape <CR> <LF> 
Hype <BELL> \ 

iset runninS Pointer to back pointer 
(echo buffer to corisole to indicate error 
itype \ <CR> 



(print error lessase 



+4 



Coward error entry point! 



CH0N2I! HOV 
NOV 
JSR 
HQV 
JSR 
BR 



♦STACK. SP 

«UHATiR2 

PCfPRNERR 

#077 fRO 

PC.CHROUT 

CHDN3 



rwe caie here froi unspecified depth 

ipoint to error lessaSe 

fprini erroneous coinand line and error lessa^e 

itype ? <CR> 



++ 



General error entry! scrap rest of cowand line» teriinate host input! 



error:: jsr 

007673 CH0N3:t BICB 
CH0N31: HOV 

aR 

CLR 
007324 BISB 



PCiPRHERR ;print error lessaSe 
iF.LOADiMHSTFLGfStop loading froi host 
♦STACKiSP iwe don't know at which level error occurred 
?*BP Jclear both back pointer and forward pointer 
StREPEAT idon't keep repeating bad coiiiand line 
«F.NULLt9*LIMFLGfact like line was not enpty 



Fresh coHand line and repeat entrv point: 



rsave old line parsing fls^s 

i reset line parsins flaas for new line 

jpurae bottoi of buffen clear runnina pointer 

irepeat line or proipt for s new one? 

iproipt for B new one 

icount repetitions 

jand re-execute line 



007330 11! HDVB »PERHODr»THPHOD irestore perkanent lOdes 
JSR PCfCRLF fstart a new line 
HOV #<24I50+05>»50+15.R1 IRAB50 triplet 'TEH' 



CH0H4: 


SUAB 


e«LIHFLB 




CLRB 


MLINFLG 




JSR 


PC f PURGE 




TST 


BREPEAT 




BED 


1$ 




Dec 


eiREPEAT 




BR 


CH0N5 
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55 143314 

56 143320 
5? 143324 
59 143330 

59 143334 

60 143334 
41 143342 
62 143350 
6Z 143352 
<i4 143356 
6,5 1433&0 
U 143366 
67 

68 143370 

69 143374 

70 143376 

71 143402 

72 143404 

73 143412 

74 143414 

75 143420 
76 

77 143422 

78 143426 

79 143432 

80 143436 

81 143442 

82 143446 

83 143452 

84 143454 

85 143460 

86 143466 

87 143470 

88 143472 
B9 143476 

90 143502 

91 143504 

92 143506 

93 143512 
94 

95 143514 

96 143520 

97 143524 

98 143530 

99 143534 

100 143536 

101 143542 

102 143544 

103 143550 

104 143552 

105 143556 

106 143562 

107 143566 
108 

109 143570 

110 143574 

111 143600 



004767 170464 

012700 020076 
004767 170200 
123703 007631 
001415 

004767 170600 

126327 007467 000015 
001367 

105037 007324 

005003 

142737 000001 007673 

000506 

105737 007672 

001755 

105737 007673 

100444 

132737 OMOOl 007673 

001403 

004767 171324 

000743 

004767 170076 

012701 032153 
004767 170346 
012700 037124 
004767 170062 
105737 007672 
001411 

004767 I712A4 

132737 000001 007673 
001003 

010100 

004767 170032 
123703 007631 
001761 
005003 

105037 007324 
000671 



2$! 

8t; 



3(: 



9$: 



5%\ 



7j: 



004767 
106427 
113702 
042702 
001003 
120127 
001407 
120227 
103007 
110162 

105237 
106427 

000660 



171224 
000340 
007631 
177400 

000012 

000140 

007470 
007631 
OOOOOO 



4$: 



106427 OOOOOO 
012702 143104 
000167 177406 



lOJ! 



u»: 



6t! 



JSR 

JSR 

tnn 

FEO 
JSfi 
CWB 

m 
cm 

CLR 

BICB 

BR 

TSTB 

m 

TSTB 

BNI 

BITB 

BEQ 

JSR 

BR 

JSR 

m 

JSR 

HOV 

JSR 

TSTB 

BEO 

JSR 

6ITB 

m 

MOV 
JSR 
CMPB 

m 

CLR 
CLRB 



JSR 

HTPS 

HOVB 

SIC 

BHE 

CMPB 

BED 

MPB 

BHtS 

mi 

INCB 
WTPS 

BR 

MTPS 

HOV 

JHP 



PC.PRIMTI 

t400f040f076*RO 

PC.CHftOUT 

8IFP.R3 

3t 

PC»ECHO 



rtupp a single RABSO triplet 
Hspe > <SPAC£> 



Hee if a character has been Uf-ed 

Jnor 30 check host buffer 

Jecho charscter to console 
BlFFER-l(R3)Fm5 Jis last character a <CR>? 
2% inai wait for one 

MLIHFLG (reset line fl335 froi ECHO 
R3 iset running pointer to tedinnin^ of line 

IF.BTTBfMHSTFLGiclear host line b«te bucket CO) flaS 
CH0K5 (execute line 

HffP (see if we have a character froi the host 

2* ;no» 30 back and check console 

9IHSTFL6 fare ue loading or Just hsteninS'i' 

4t il03din3 

(F.BYTBT^tHSTFLGiare we idnorin^ ho5t lessa^es? 

n ino 

PCtKGETCH riitesf iei character froi host 

2% iand throw it auau 

PCiCRLF (start a new line to show lesssde froot host 

»<10»50417>»50+23-Rl (RAD50 triplet 'HOS' 



PC»PRINT1 

#400l076tl24iRO 

PC.CHROUT 

?JHFP 

71 

PCrHGETCH 



ilape a sinale RflD50 triplet 

;"T>' 

(cotFlete the header 

(see if we have s character 

inoi check console for keapress 

(set character froi host buffer 



IF.BYTBretHSTFLGiare we i3norin3 host ussa^es? 



7$ 

RhRO 

PCrCHROUT 

e»FP.R3 

5J 

R3 

MLINFLG 

1$ 

PCfHGETCH 

4340 

e*FP.R2 

I177400f82 

lOt 

RM012 

UJ 

R2i*140 

61 

RhBUFFER(R2) 

eiFP 

lOOO 

2% 

tooo 

♦0VERFL.R2 
ERROR 



iiiest throw character awaij 

(else echo it to console 
(see if console taped a character 
(if notr continue host tessaSe 
(prepare to re-echo console input 

(redisplay proipt and echo buffer a3ain 

(set character fro* host buffer 

(block console interrupt for a while 

(set console buffer input pointer 

(prevent sisn extend 

(we aren't at be3innin3 of line 

(throw svffj line feeds at be^innins of line 

(is buffer full? 

(uest abort load process 

(transfer character to console input byffer 

(advance buffer input pointer 

(restore interrupts 

(echo buffer to console 

(restore interrupts 
(point to error lessaae 
(and print it 



A-54 



r-11 Evaluation Nodule Nonltor 
Cor>sole Honitor 



MACRO V05.00 Sundas 13-H3r-83 04:i0 P33e 38-2 



112 
113 
114 
U5 
116 

117 143604 

118 143610 
11? 

120 143612 
121 

122 1436U 

123 H3622 

124 143624 

125 143630 

126 143634 

127 143640 

128 143644 
129 

130 
131 
132 
133 

134 143646 

135 143652 

136 143656 
137 

138 143660 
13? 143666 

140 143674 

141 143676 

142 143702 

143 143704 

144 143710 

145 143712 
146 

147 143714 

148 143720 
149 

150 143724 

151 143730 

152 143732 

153 143736 

154 143740 

155 143742 

156 143746 

157 143754 
158 

159 143756 

160 143762 

161 143764 

162 143770 

163 143774 

164 143776 

165 144002 
166 

167 144004 

168 144010 



H 



Next coMsnd enin paint; 



004767 1A76I6 
000402 

004767 167570 

005737 007466 
001004 

110337 007630 

105337 007630 

000337 007326 

105037 007326 
000402 



CNONs:: JSR 



PC.6ETNXT 
CNDN6 



cdhtin::jsr pCfSEiLCH 



CMN6!: TST 


eiflEPEAT 


BNE 


li 


NOVB 


R3f9tBP 


DECB 


9tBP 


It: 5UAB 


PtCURCOh 


CLItB 


etCURCOtl 


BR 


craN7 


!H 




f Parse top level t 



r^et first leanin^ful charicter 



jrecover Isst senuired charstler 

fare we repestinS? 

i^tesr 50 keep last coftasnd 

ielse throw it away 

rsave old coiiand fla^s 

iand initialize thet for next coatand 



004767 167554 
120027 000015 
001544 

152737 000004 007324 

132737 000020 007324 

001364 

120027 000054 

001761 

120027 000033 

001005 

000402 

000167 000354 
000167 177240 

120027 000042 

103773 

120027 000137 

101370 

001006 

010537 007336 

152737 000010 007324 

000713 

120027 000136 
001010 

00S337 007756 
105737 007330 
100703 

005337 007756 
000700 

120027 000134 
001017 



.EM8L LSB 

COdLUP; JSR PC.CETNXT 

CM0N7: CMPB R0,»015 

BED DOCR 



1$: 



6ISB 

BITB 

6NE 

CHP8 

6EQ 

CNPB 

BNE 

BR 



4$: JKP 
EfiR0R2: M 



2i) 



5»: 



611 



CHPB 

BLO 

CtfPB 

BHI 

BNE 

HOV 

BISB 

BR 

MPB 

m 

DEC 

TSTB 

6NI 

K.C 

BR 

CnPB 



jset next Maninaful character 

fis it <CR>? 

i^esr io to \CR> handler 



tP.NULLi^LINFlGishow that line is not eipts 

*F.C0HMiHLINFL6r3re ue in a coiient? 

COMLUP jyest keep looking for <CR> 

R0i«054 fis it coaia? 

COMLUP ;i3nope combs at top level 

R0r»033 lis it <ESC>? 

2% rno 

ERR0R2 



DOEXPR 
CN0N2 



jiD to General expression handler 



R0j*O42 fis character contpoli spacei or '!'? 

ERfiDR2 Tvesf invalid coiiand 

ftOj#137 fis it above underscore? 

ERR0R2 f^esr invalid coMand 

S< inot an underscore 

RSfHSAVEXP (execute underscore 
(F.SAVXfHLIMFLGfshow pending underscore 

CH0N5 itet next cotiand 

R0.»136 fis it caret? 

6J rfio 

9I(ASBR ; execute caret 

eiTHPHOD rare we in bvte lode? 

CM0N5 (vesi back up a byte 

etIADDR (else back up a whole word 

CKOttS i^t next couand 

R0ftl34 iis it reverse slant? 

7$ fno 
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U9 144012 

170 144016 

171 144020 

172 144024 

173 144026 

174 144032 

175 144036 
176 

177 144040 

178 144044 
179 

IBO 144050 
IBl 144054 
1S2 144056 

183 144062 

184 144064 
185 

186 144066 
1B7 144072 

188 144076 

189 144100 
190 

191 

192 144104 

193 144106 

194 144110 

195 144112 

196 144114 

197 144116 

198 144120 

199 144122 
200 

201 

202 144124 

203 144132 
204 

205 

206 144134 

207 144140 

208 144144 

209 144152 

210 144154 
2U 144160 
212 144164 
213 

214 

215 144170 

216 144174 

217 144176 

218 144202 

219 144204 

220 144210 

221 144212 

222 1442U 

223 144224 

224 144226 

225 144232 



104437 
001010 
010537 
010504 
004767 
004767 
000662 

012702 
000167 

120027 
101321 
120027 
101314 
001715 

116001 
042701 
006301 
000171 



143164 
144274 
151426 
144124 
151164 
144134 
143164 
144274 



152737 
000624 



004767 
016746 
042767 
010501 
004767 
012667 
000167 



105737 
100426 
106437 
001423 
106437 
103427 
013704 
132737 
001004 
013704 
010437 



007327 

007756 

011216 
011042 

151372 
177142 

000133 

000100 



155774 
177770 

144104 



B»: 



?»; 



MIPS 

BNE 

HOV 

NOV 

J5R 

m 

BR 

MOU 
JHP 

CMPB 

SHI 

CHPB 

BHI 

B£Q 

HOVB 

BIC 

ASi. 

JHP 

.DSABL 



MLASCDh idid thp Isst expression have undefined svibols 

8$ Jaesf refuse setting of the current address 

RSrBHADDR iexecute reverse slant 

R5iR4 rSet neu address 

PCrTTPADR Ittfpe R4 as rwiber or label 

PCiTVPLflC ftupe location addressed by R4 

CN0N5 iiei nexi coitand 

tllMDEfXfR2 ferrori undefined expression 
ERROR 

R0fll33 fis it left bracket? 

EfiR0R2 inor invalid coiiand 

ROftlOO fis it alphabetic? 

4t ;«esf beainnina of expression or instruction 

ERRW2 rnof at sidn is invalid couand 

fwe've narrowed RO to the 042 to 077 renSe 
PARMtS-040(R0)TRl l^et psrsind code 

#177?70jR1 riasK out other inforiatiof) 

Rl fiake it a uord index 

ePARDSP(Rl) land dispatch accordingly 
ISB 



PARBSP; .MORS t¥m2 

,HDRD COEXPR 

.UDRD BOIABL 

.WORD DOCOHK 

.UDRD POSYKB 

.UORD NMIML 

.UORD CN0N2 

.UORD DOEXPR 



000020 007324 



167364 
043164 
000200 043156 

010716 
043144 
177414 



007673 

007324 

007325 

007756 
000004 007325 

007334 
007754 



docdkh: bisb 

BR 



donval: jsr 
m 

BIC 
HOV 
JSR 
MOU 
JHP 



docr:: tstb 

BNI 

HTPS 

BEG 

«TPS 

BCS 

HOV 

BITS 

BKE 

HOV 

flOV 



rO leans invalid coiiand 

tl leans aet expression or instruction 

t2 leans define label 

i3 leans st^rt coiierd 

i4 nesns define s^ibol 

tS leans type nuieric^Uid 

(6 Hearts valid as operator within expressions 

f7 leans both 1 and 6 are true 



♦F.COMMfeiLINFLBt indicate we're in a coment 
CrtONS (and continue 



PC.CRLF 

♦F.BYTMfTHPMOD 

R5tRl 

PCrTYPNHl 

(SP)tJWHOB 

CN0H5 



glHSTFLG 

Z% 

eiLINFLG 

3« 

MIASLH* 

5$ 

9*<ADDRfR4 



ftspe last expression nuierically 
fsave flaSs 
risKe word lode 



f restore fla^s 



fare we loading frOB host? 

fuesr suppress <CR> couand feature 

i^et coiiand line fla^s 

fline is not eipt'ji so do ooihins 



flast line caused sinale step* so step again 

JSet current address 
tF.NULL.MLASLIUfdid last line dmp locations? 
6t inoi 50 don't advance 

MADVADRfR4 radvance past last duip 
R4tenADIlR 
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22i 144234 


0U7O5 


033535 


61 : 


nm 


-1.R5 


227 144242 


004767 


010734 




JSR 


PC.nPLIN 


228 144246 


010437 


007334 




HOV 


R4ietADVADR 


229 












230 144252 


005737 


007466 


3i! 


TST 


empEAT 


231 14425i 


001002 






BNE 


4$ 


232 144260 


11033? 


007630 




nwi 


R3p8*6P 


233 144264 


000167 


176756 


4i: 


JHP 


CHDN4 


234 












235 144270 


000167 


003122 


5t: 


JHP 


STEP 



;t<jpe a line of locations 

Tssve next address for subseauent duip 

(are ue repestind? 

pyesf so keep coiisrid line 

tnor discard executed coHsrids 



texecute sinsle step 
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O047i7 000212 
120027 000072 
001453 

120027 000075 
001450 

104437 007326 
102010 

106437 007332 
100063 
102003 

005737 007706 
100031 
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1 

2 

3 

4 

5 

b 

7 

8 

9 
10 
11 
12 
13 

14 144274 

15 144300 

16 144304 

17 14430A 

18 144312 

19 144314 

20 144320 

21 144322 

22 144326 

23 144330 

24 144332 

25 144336 
26 

27 144340 

28 144342 
2? 144346 

30 144350 

31 144354 

32 144356 

33 144342 

34 144344 

35 144370 

36 144372 

37 144374 

38 144400 

39 144404 

40 144410 

41 144412 

42 144414 

43 144420 
44 

45 144422 
46 

47 144426 

48 144430 

49 144434 
50 

51 

52 144440 

53 144444 

54 144452 

55 144454 

56 144460 

57 144444 
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010405 
120027 
001432 
120027 
001427 
120027 
001424 
120027 
001421 
106437 
100420 
004747 
105737 
100404 
010514 
005237 
000403 



000077 

000134 

000137 

000033 

007324 

010120 
007330 

007756 



000167 176536 

110514 

005237 007756 

000167 177152 



142737 000010 007324 

013704 007336 

004767 010524 

001364 

132737 000100 007330 

001771 



iH 



.SSTTL Parsing Routines 

DOEXPR parses an expression* instructioni directiver or verb? and handles 
it accordifidly. If appropriatef e>iPressioris are deposited at the current 
location. Note that the old value of R2 (which msj be a pointer to a saihol 
froi the last invocation of DOEXPR) is saved before parsing an expression. 
This is to accoiodste the .ESC directive) whose parsing will ch^n^e the value 
of R2. The old value is needed for seouences such as <s^ibDl> .ESC K . 
The old value of EXPfLG is also saved* for the saae reason. 



iset an expression 

ris next character !? 

tuesp ignore expression 

lis next character =? 

iwsi ignore expression 

;h3s RS been set? 

iidfiS) not Just a naiie 

tuhat is naae? 

Jppedefined sa»bol 

idefined user sstboh proceed 

ielse see if we are in PftSSl aode 

fuser defined naie has no value in PAS52f error 

»2et naie's value 

iis next character '?'? 

tuesr do nothing 

iis it \? 

ruesi do nothing 

;is it _? 

'fiSit do nothing 

Jis it <ESC>? 

riiesr do nothing 

ihas underline been executed? 

T^esf duip RAH locations 

icheek if odd address or not in user RAM 

iare ue in buie iode? 

ttdes 

tdeposit data word 



.ENABL 


LSB 


DOEXPR! t JSR 


PCfGENEXP 


CHPB 


R0»»072 


BEQ 


14$ 


ChPB 


R0.I075 


BEQ 


14« 


ttTPS 


etCURCOH 


Bye 


2% 


MIPS 


?*EXPFLG 


BPl 


8f 


BVC 


9» 


TST 


e*FLAGSl 


BPL 


3» 


9%t HOV 


R4rR5 


2$; CHPB 


R0f«077 


BED 


14$ 


CHPB 


R0fn34 


BEQ 


14< 


CHPB 


R0»«137 


BEQ 


14( 


CHPB 


R0it033 


BEO 


14$ 


MTPS 


MLINFLG 


BHI 


6$ 


JSR 


PCfADRCHl 


TSTB 


9*THPH0D 


m 


4» 


Hoy 


R5>eR4 


im 


SI$ADDR 


BR 


51 



3$: 



6t: 

7$: 

lit: 

10$: 



JHP 



4$: HDVB 
5$: INC 

14$: JHP 



BICB 

NOV 

JSR 

BNE 

BITB 

BEQ 



CH0N2 

R5rm 

et$AI>DR 

CONTIN 



idePDsit b^te of data 

; recover last character* parse next coitand 



♦F.SAVX.WLIHFLG 

9tSAyEXPrR4 ;get starting address 

PCjTYPLIN iduiP 3 line of locations 

14$ 

♦F.IHSTiMTHPKDDJavoid taping duplicate addresses 

7$ 
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58 144470 


004767 


59 144474 


000770 


60 




61 144476 


102403 


62 144500 


103317 


63 144502 


0C0167 


64 




65 144506 


000167 


66 




67 





010512 JSft PCJYPLIN+4 

m lit 

8t! BUS 12i 

BCC 91 

005500 M BEIIMS 

002460 12* : Jiff DOVERB 

.DSASL LS£ 



lis 3 directive or verb 
;i5 ROf .t Blf etc. 
ielse is sn instruction 

fhsndle directives and verbs 
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3 
4 
5 
6 

7 144512 

8 H4520 
9 

10 144522 

11 144526 

12 144532 

13 144540 

14 144542 

15 14454i 

16 144550 

17 144554 

18 144556 

19 144562 

20 144564 

21 144570 

22 144574 

23 144600 

24 144602 

25 144606 

26 144610 

27 144614 

28 144616 

29 144622 

30 144624 

31 144430 

32 144632 

33 144636 

34 144640 

35 144644 

36 144646 

37 144652 

38 144656 

39 144662 

40 144664 

41 144666 

42 144670 

43 144674 

44 144676 
45 

46 144700 

47 144702 

48 144710 

49 144714 

50 144716 
51 

52 144720 

53 144724 

54 144730 

55 144734 

56 144736 

57 144742 
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H 



BETEXP parses a whole cxpresBion and returns its vslue in R5. 
GEHEXP parses an expression or recoSriiies sti instruction or sy»bol. 



152737 
000402 

004767 
005037 
152737 
005004 
120027 
001464 
120027 
001461 
120027 
001004 
004767 
004767 
120027 
001522 
120027 
001517 
120027 
001003 
004767 
000436 
004767 
100403 
004767 
000430 
004767 
100476 
004767 
106737 
106437 
100406 
102446 
103016 
106437 
102442 
000412 



000002 007326 

000452 
007332 
000004 007326 

000053 

000055 

000043 

000402 
16^32 
000074 

000133 

000047 

001236 

007526 

000450 

007436 

000576 
007332 
007332 



007326 



.ENABL 

6ENEXP:ibisb 

Bfi 

GETEXPItJSR 
7»: CLR 
BISB 
GETEXl! CLR 
CHPB 
BEG 
CHPB 

GETERHItCHPB 
BNE 
JSR 
J5R 

li: CdPB 
BEO 
CMPB 
BEQ 
C«PB 
BNE 
JSR 
BR 

3$: JSR 

m 

JSR 
BR 
2%', JSR 

m 

JSR 

MFPS 

KTPS 

BNI 

BVS 

BCC 

MIPS 

BVS 

BR 



102011 Bi! BVC 

142737 000004 007326 BICB 

005737 007706 TST 

100032 BPl 

000402 BR 



004767 000246 

004767 146456 

120027 000076 
001504 

120027 000135 
001507 



GETOPVIIJSR 
GETOPRiiJSR 

ChPB 

BEQ 

CHPB 

BEQ 



L5B 

tF.«MLUte*CURCOH;set fla^ to allow non-v3lue<J objects 

7i isuch as undefined syibolsi directivesi 



etc. 



PCfEXINU ^initialize and set valued expression 

etEXPFLG jclear level counter and teri flass 

#F,UHDFig*CURCOHJclear undefined expression fla^ 

R4 Unitialize ten register 

R0-#053 ;is it t? 

6ET0PV laes* accept operator 

R0ft055 fis it -? 

GETOPV 

R0f«043 (is it t? 

1« 

PCfEXIMIT ;set valued expression 

PC»GETNXT fast next character 

R0.»074 lis it <? 

LPAREK jyesr do left parenthesis 

R0.*133 iis it [? 

LPAREN faesj do left parenthesis 

R0»»047 lis it '? 

31 ino 

PCrGETLIT rParse literal teri 

GETOPy fforce valued expression and 9el operator 

PC»NU«CH iis it nuieric? 

2t Jno 

PCfGETNMB Jaet nuiber 

6ET0PV jforce valued expressionr set operator 

PCjRADCH fis it RAD50 character? 

13J (noi illegal character 

PCf6ETNAH rparse naied object 

0IEXPFLG rssve condition flaas 

StEXPFLG ; recover actual values 

9t luser defined s^nbol or undefined naie 

ENDEXP ia directive or verb» try to exit 

GETOPR fpredefined syii>olj Set operator 

8KURCWi ;is this a valued expression? 

ENDEXP fnoi we have an instruction- trs to exit 

GETOPR fuse base value of instruction as datar ^et opi 

BETOPR {proceed if user syibol if defined 
♦F.UNDFrgtCURCQMJshow we have encountered an undefined syibol 

e»FLAGSl fare we in PftSSl? 

EWBEXP }(Wf don't allow undefined symbol in e>;pression 

GETOPR fuest proceed with expression 

PCfEXINIT Unitialize data expression 

PCiGETLCH Irecover last character 

R0i»074 ;is it >? 

RPAREN jyesr do risht parenthesis 

R0.tl25 fis it ]? 

FPAREN fyesr do riaht parenthesis fetch 
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^WK^SS 


\ml^ 


■'miiVw 


59 144750 


103412 




AO 144752 


120027 


000060 


61 144756 


103007 




62 144740 


116001 


155774 


63 144764 


042701 


177770 


44 144770 


020127 


000006 


65 144774 


103053 




66 






67 144776 


004767 


000216 


6a 






69 145002 


105737 


007333 


70 145006 


001015 




71 145010 


106437 


007326 


72 145014 


102410 




73 145016 


106437 


007332 


74 145022 


100401 




75 145024 


102406 




76 145026 


102003 




77 145030 


005737 


007706 


78 145034 


100101 




79 145036 


000167 


166344 


80 






81 145042 


000167 


176116 


82 






83 145046 


020627 


007410 


84 






85 145052 


103773 




86 145054 


004767 


000112 


87 145060 


010546 




88 145062 


113746 


007343 


B9 145066 


105237 


007333 


90 145072 


004767 


000102 


91 145076 


004767 


U6324 


92 145102 


004767 


177432 


93 145106 


010504 




94 145110 


112637 


007343 


95 14511 4. 


012605 




96 I45U6 


004767 


166304 


97 145122 


000700 




98 






99 145124 


004767 


000042 


100 145130 


004767 


000064 


101 145134 


004767 


166246 


102 145140 


110037 


007343 


103 145144 


004767 


166256 


104 145150 


000602 




105 






106 145152 


105337 


007333 


107 145156 


100731 




108 145160 


000417 




109 






110 145162 


004767 


177764 


111 145166 


011505 




112 145170 


000207 




113 






114 145172 


106437 


007326 





^B\ 


^A^V\ 


'SS.-^ -^T^Vi \fJi53* ^>. 




BLO 


6< 


)»esi not an operator 




ChPB 


R0>*060 


(is it above /? 




BHIS 


61 


;«fe5f not an operator 




MOVB 


PARA«S-040(RO)tR1 Hei psrsins code 




BIC 


4177770. Rl 


riask out the ^srba^e 




CNP 


Rhl6 


lis it ari operator? 




BHIS 


nOOPER 


itiesi do operator 


6$: 


JSR 


PC.EXDOOP 


fno tore operatorst but dc previous oi 


ENDEXP 


: TSTB 


e*LEVEL 


fare ue at top level? 




BNE 


13* 


inoj error 




HTPS 


^ttURCOft 


!i£ expression supposed to be valued? 




BOS 


5» 


inot necessarily 




fITPS 


MEXPFLG 


!uas ter* valued? 




m 


91 


rnoi but it was user defined 




BMS 


13» 


!t»r error 


9»; 


8«C 


5< 


iuas valued, no problei 




TST 


etFLABSl 


fat* ue in PASSl? 




BFl 


12t 


Inor undefined s^iibol is not alloued 


5»i 


JMP 


GETLCH 


Jset last character back in RO 


I3t: 


W 


CHQN2 


rshou error 



LPAREK: CHP SP.»BOTTOmiO.+22,+2. lis there rooi to recurse? 

.(that uas 5 words for future J^s. 11 for interupts. and 1 safets) 



BLD 

JSR 

HOV 

tfOVB 

INCB 

JSR 

JSR 

JSR 

HOI/ 

HGVB 

Noy 

JSR 
BR 

hooper: jsr 

JSR 
JSR 
HOVB 
JSR 



rparen: decs 

SKI 
BR 



13* 

PCEXINIT 

R5»-(SP) 

«OPERAT.-(SP) 

MLEVEL 

PC.EXINU 

PC.GETNXT 

PC»GETEX1 

R5>fi4 

(SP)+.e«)PERflT 

[SP)+fR5 

PC»GET«XT 

GETDPR 

PCfEXIKIT 

PC.EXDOOP 

PC. GETLCH 

R0.8*OPERAT 

PCiGETKXT 

GETERK 

MLEVEL 
13* 

EXDODP 



FPARENl JSR PCtRPAREN 

hOU 9R5.R5 

RTS PC 

EXINIT! HTPS MCURCOH 



tnof parenthesis too deep 

iforce upper expression to be valued 

isave accuiulator 

jand previous operator 

ishoH we are Soin^ deeper 

.initialize accui. and operator for neKt level 

Jaet first character of nested eKpression 

iset value of nested expression 

.nested value becoies operand 

frecover operator 

rand accuKulator 

i^et character after riahi paren 

.and look for next operator 

.force valued expression 
.execute previous operator 
ftet new operator 
Jstore it 

.3et next character 
.look for a teri 

.are ue at top level? 

Jaes. too iany ri3ht parenthesis 

fdo last operator inside parenthesis and return 



ido a fetch 



ihas expression alreadii been initialized? 
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115 145176 
lU 145200 

117 145206 

118 145210 

119 145216 
120 

121 145220 

122 145224 

123 145226 

124 145232 

125 145234 
126 

127 145240 

128 145244 
12? 

130 

131 145250 

132 145252 

133 145254 

134 145256 

135 145260 

136 14S262 

137 145264 

138 145266 

139 145270 

140 145272 

141 145274 

142 145276 

143 145300 

144 145302 

145 145304 



102007 

112737 000053 
005005 

142737 000002 
00020? 

106437 007326 

102774 

113701 007343 

006301 

000171 145146 

012702 151372 
000167 175742 



152130 
143164 
143164 
143164 
143164 
152134 
143164 
143164 
143164 
152142 
152154 
143164 
152160 
143164 
152164 



BVC 
007343 EXINIlt HOVB 

CLR 
007326 BICB 
4»: RTS 

EXDOOPl HTPS 
BVS 
MOVB 
ASl 
JHP 



12i! 



JMP 
.DSABL 



4( fifes 

♦O53»0#OfERAT faet + 3s default operator 

R5 fclear expression accutulator 

tF.UALU'PICURCONishQu expression is valued 

PC 

HCURCOM tif expression is valuedr do operslor 

4( Inot valued 

^tDPERATpRl ;^et Di^erstor 

Rl f»ake a word index 

H)PRTBL-102{R1) (execute operator 



♦IWDEFXtR2 

ERROR 

LSB 



oprtbl: .uorb logor 

.WORD CM0N2 

.UORD CK0N2 

.gORD CnON2 

.yOftB CH0K2 

.UDRD LDGAMD 

.HOREi C«0N2 

.WORD CN0M2 

.HQRD CN0N2 

.WORD NULTIP 

.HGKJi ADDIT 

.UDRD CH(M2 

.UOf^D SUBTR 

.«OftD CN0N2 

,um mviD 



ipoinl to undefined expression lesEaae 
ishow error 



;/ 
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2 




3 

5 

6 145306 


005303 




7 M5310 


010346 




8 145312 


004767 


166000 


9 1453U 


004747 


007034 


10 145322 


100373 




U 145324 


012603 




12 145326 


005001 




13 145330 


120027 


000056 


14 145334 


001427 




15 145336 


004767 


006740 


16 145342 


100402 




17 145344 


000167 


175614 


18 






19 145350 


004767 


165742 


20 145354 


004767 


006776 


21 145360 


100410 




22 145362 


102770 




23 145364 


162700 


000060 


24 145370 


006301 




25 145372 


006301 




26 145374 


006301 




27 145376 


060001 




28 145400 


000763 




29 






30 145402 


005303 




31 145404 


004767 


166016 


32 145410 


010104 




33 145412 


000207 




34 






35 145414 


004767 


165676 


36 145420 


00476? 


006732 


37 145424 


100767 




38 145426 


142700 


000060 


39 145432 


006301 




40 145434 


010146 




41 145436 


006301 




42 145440 


006301 




43 145442 


062601 




44 145444 


060001 




45 145446 


000762 
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++ 



GETNHB parses s nurtwr and returns all condition flsas lowered. 



gethhb::dec 

NOV 



It: 



4*1 



3$: 



5*1 

6t: 



2»! 



JSR 

JSR 

BPL 

MOV 

CLR 

CMPB 

6EQ 

JSR 

m. 

JHP 

JSR 
JSR 

mi 

8VS 
SUB 
ASL 
ASL 

ASL 
ADD 
BR 

DEC 
JSR 
hOV 
RTS 

JSR 
JSR 
FNI 
SUB 
ASL 
MOV 
ASL 
ASL 
ADD 
ADD 
BR 



R3 

R3;-(SP) 

PCfGETCH 

PC.NUHCH 

\% 

(SP)t»R3 

Rl 

R0.I056 

21 

PCiRADCH 

31 

CH0N2 

PCfGETCH 

PCfNUMCH 

5t 

4< 

«O60iR0 

Rl 

Rl 

Rl 

ROrRl 

3* 

R3 

PC.GETNXT 

RlrR4 

PC 

PCiBETCH 

PC.KUMCH 

61 

«060rRO 

Rl 

R1»-(SP) 

Rl 

Rl 

(SP)+.R1 

ROfRl 

2% 



fssv? running pointer to peek shead 



Jis it thfoush 9? 

fsesj H3it for first non-nuMric character 

»3o back to be3innin3 of nuiber 

fis first noTi-nuMric character s period? 

rsesi parse a deciial nuibcr 

fis it alphabetic? 

inop parse an octal nuiber 

rille^alt label begins with a nuiber 



fis it throuah 7 or 8 throuah 9? 
tnoT end of rmiber 

i8 and 9 are illegal in octal nuibers 
fiake it BCD 



iaccuHjlate dibits 
f^t unvX di^it 



f3et character after nuiber 
istore value of nuiber 



ftreiliftS deciial poirji 



iaccuiulate dibits 
iset next disit 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 

19 145450 

20 14545A 

21 14S4A0 

22 145464 

23 145470 

24 145474 

25 145476 

26 145502 

27 145504 

28 145510 

29 145516 

30 14552D 

31 145524 

32 145530 

33 145534 

34 145536 

35 145542 

36 145544 

37 145550 

38 145554 

39 145556 
40 

41 145560 

42 145564 

43 145570 

44 145576 

45 145600 

46 145604 

47 145410 

48 145612 

49 145616 
50 

51 145622 

52 145624 

53 145630 

54 145632 

55 145636 

56 145640 

57 145644 



IH 



U2737 
005001 
004767 
004767 
004767 
100431 
105337 
001366 
010137 
112737 
005001 
004767 
004767 
004767 
100421 
105337 
001366 
004767 
004767 
100373 
000412 

004767 
010137 
012737 
005001 
004767 
i)10137 
005303 
004767 
013700 

005002 
020062 
001011 
020142 
001414 
020127 
001003 



6ETNAH parses a naie and converts it into RADSO st locations TBLTOP and 

TM.TGPt2. If the naie has s correspondina valuej it is placed in R4. 

R2 is an index to uhere the naie is stored. It can index either the RAD50 

table in ROM for predefined synhoUt or the user suibol table. GETNAH 

returns condition fla^s to indicate these options as follows! 

1^=1 leans the naie has no value 

N-1 leans the nne is user defined (not F^redefined) 

C=l leans the nsie is a ineionict directive) or verb 

N=0, V=0» C=0 leans that the naie is ROt SP? PCi Blr URi etc. 

N=Or V=Ot C=l leans that the naie is an instruction 

N=Oi V-li C=l leans that the naie is directive or verb 

N=1p V=1 leans that the naie is an undefined sijibol 

N=1t Ii'=0 leans that the naie is a user suibol 



000003 007341 

006732 
165626 
006606 

007341 

007320 
000003 007341 

006672 
165566 
006546 

007341 

165546 
006526 



000264 
007320 
000003 007341 

000244 
007322 

165610 
007320 



156142 

156144 
006200 



.ENABL 
SErHAHUtfOVB 
CLR 



li; 



3t: 



4$: 



2$: 



6$: 
5(: 



io<: 



JSR 

JSR 

JSR 

BhI 

DECS 

BNE 

m 
mvt 

CLR 
JSR 

JSR 
JSR 

m 

DECB 

BNE 

JSR 

JSR 

BPL 

m 

JSR 
NOV 
HOV 
CLR 
JSR 
KOV 
DEC 
JSR 
HOV 

CLR 
CMP 
BNE 
C«P 
BEQ 
CNP 
BME 



LSB 

»3fMCfl[JNT2 

Rl 

PCiASCRAD 

PCfGETCH 

PCrRADCH 

2t 

iKQmn 

1* 

Rl»e»TBLTOP 
♦3IMC0UNT2 
Rl 

pc.ascrah 

PC.6ETCH 

PCfRADCH 

6* 

9tD0U(«T2 

3) 

PCrGETCH 

PCjRADCH 

41 

5i 

PCfPADRAD 

RlfMTfiUTOP 

t3fMCaUNr2 

Rl 

PC.PACiRAD 

Rlr«TBLT0Pt2 

R3 

PC.6ETNXT 

9*TBLTDP»R0 



iconvert ASCII in RO to RADSO in Rl 
f3et next character 
iis it a leaal RAD50 character? 
inof end of naie 



jdiscard all characters after i 
fis character still part of naie? 



fpad Rl with spaces 
istore first word of nsie 



fset next leanindful character 
jRO» Rl contain converted naie 
Scoipare naie to predefined ones 



R2 

R0,DSYHS(R2) 

IH 

R1.DSYKS+2(R2) 

PDSVAL !9et value of predefined ssibol 

Rlfl50t50t02 itiihi this be a bijte lode meionic'? 

IK >no 
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58 145M6 

59 145652 

60 145654 

61 145656 

62 145662 

63 145664 
64 

65 145670 

66 145674 

67 145676 

68 145700 

69 145702 

70 145706 

71 145710 
72 

73 145712 

74 145716 

75 145720 

76 145724 

77 145726 
78 

79 145730 

80 145734 

81 145736 

82 145740 

83 145742 
84 

85 145744 

86 145746 
8? 145752 
89 145754 

89 145760 

90 145762 

91 145766 
92 

93 145770 

94 145774 

95 145776 

96 146002 

97 146004 

98 146006 

99 146010 

100 146014 

101 146016 

102 146020 

103 146022 

104 146026 

105 146032 

106 146034 

107 146036 

loe 

109 

no 146040 

111 146044 

112 146050 

113 146054 

114 146056 



005762 156144 
001406 
022222 

020227 000770 
103760 
000167 003670 

020227 000054 

103401 

002005 

006202 

016204 007732 

006302 

000405 

020227 0001 00 
103004 

016204 007700 
000257 

000207 

020227 000300 

103003 

000277 

000250 

000207 

006202 

016204 155440 
006302 

020227 000340 
103003 

012702 000064 
000421 

020127 006200 

001014 

020027 075131 

0014U 

006202 

006202 

105762 155744 

100323 

006302 

006302 

052704 100000 

162702 000340 

000257 

000261 

000207 



012700 000040 
004767 006346 
105337 007341 
001371 
000207 



lie 



21«: 



TST 
BEQ 
CHP 
CMP 

5LD 
JMP 



pdsval::cmp 

BLO 

B6E 

13«: ASR 

MOV 

ASL 
BR 

14$: CMP 
BHIS 
MOV 

15»l CCC 

RTS 



7$ I 



i7»: 



i8f: 



CMP 
BHIS 

sec 

CLN 
RTS 

ASR 

MOV 

ASL 

CMP 

BHIS 

MOV 

BR 

CMP 

BNE 

CMP 

BEQ 

ASR 

ASR 

TSTB 

BPL 

ASL 

ASL 

BIS 

SUB 

CCC 

SEC 

RTS 

.DSA3L 



PADRi: MOV 
JSR 

padrab: becb 

BNE 

RTS 



20«: 
19* : 



DSYMS+2(R2) iand is naie the saae uithout trailing 'B' 

PDSVAL I yes I handle tiyte tode case 

(ft2)+r(R2)+ ;adv3nce to next nate 

R2f*T0PHAI1 (end of table? 

lot inot yet 

GETSYM ino natch to predefined smbols 

R2rtDSrMUR-DSrMS;nDU ^t syibol's value in R4 



13« 

141 

R2 

$R0(R2)rR4 

R2 

15$ 



tRO through . 
;B1 or hiShep 
fiake 3 word inde>, 
iRO through . 



R2.#HIRVRB-BSYMS 

7* JBASIC or higher 

BRKFIL-<DSYMUR+4-DSYMS>(R2)-R4 JBl through B4 

iflaa a predefined sytbol 
PC Jand return 



R2flCMNEMS-DSYMS 
17i 



PC 



rCLC or higher 

Jflad a directive or verb 

iand return 



f<iet value of tneionic 



R2 

CBASES-«CMNEMS-DSYMS>/2>{R2)rR4 

R2 

R2r»MNEMS-DSYMS 

18f iHALT or higher 

«MNCCC-MNEMSfR2 I index ineionic CCC 

19$ 



Rht50$50«02 rbvte lode nate? 

20$ rno 

R0r*<23t50+27>«S0^01 fSUAB aneionic? 

20$ iyesi not byte lode 

R2 

R2 

PARAMS-«MNEMS-DSYMS>/4>(R2) finstruction leSal in byte iiO( 



21$ 

R2 

R2 

tlOOOOOfR4 

#MMEMS-DSYMSfR2 



rno 



f adjust opcode to byte tode 
iadJust index to instruction 



table 



fflas an instruction 



PC 
LSB 

4040rR0 
PCfASCRAD 
8»C0U)fT2 
PABRl 

PC 



iroutine to pad RAII50 triplet with spaces 
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ft+ 



GETLIT psrses ASCII literals. 



146060 
146064 
146070 
146072 



9 
10 

U 146076 
12 146100 
13 
14 

15 146104 

16 146110 

17 146U4 

18 146116 

19 I46I22 

20 146124 

21 146132 

22 146136 

23 146140 

24 146146 
25 

26 146150 

27 146154 
28 

29 

30 146156 

31 146162 

32 144166 

33 146170 

34 146174 
35 

36 

37 146176 

38 146202 

39 146206 
40 

41 146210 

42 146214 

43 146220 
44 

45 146222 

46 146230 
47 

48 146232 

49 146240 

50 146242 

51 146246 

52 146250 

53 146252 

54 146256 

55 146262 

56 146266 
57 



004767 165326 

120027 000015 
001002 

000167 175066 

010004 

000167 165322 



110137 007330 

004767 165312 

005303 

105737 007330 

100403 

042737 000001 007756 

120027 000015 

001106 

113737 007330 007331 

000502 

152701 000002 
000753 



012700 000020 
105060 007757 
077003 

005037 007754 
000467 



142701 000100 
152701 000200 
000736 

142701 000200 
152701 OOOIOO 
000731 

012737 007320 007462 
000451 

132737 000002 007327 

001447 

106437 007332 

100044 

102443 

162702 000006 

004767 003620 

004767 003406 

000432 



6ETLIt::jsr 

CKPB 
BNE 



1«1 



NOV 
JHP 



SETtfoo: mvi 

JSR 
DEC 

nn 

MI 
BIC 
CHPB 

m 

BR 



1$: 



EABs:: 



BISB 
BR 



ecan:; hov 

1<: ORB 
SOB 
CLR 
Bfi 



EBYTi: BICB 
SISB 

BR 

bins:: bics 

BISB 
BR 

ECLRJt MOy 



ebel:: bitb 

EDELi: BEQ 
MIPS 
BPL 
BUS 
SUB 
JSR 
JSR 
BR 



PCiGETCHC ;set next character* don't fold case 

R0»*015 Jis it <CR>? 

1» irw 

CfWN2 ferpor? no character on line 

R0fR4 Utore value 

GETNXT Jflet newt charscterf return 



RlrHThPNOD 
PCfGETNXT 
R3 
eiTMPflOB 

1( 

R0f»015 

ECON 

etTHPHODfB»PERH0Ii 

ECQN 

«F.ABS>R1 
SETHOD 



tfiK address uhen leaving biite lOde 
!is lode couand last coaiand on line? 
(no 

ivesi set penanent lodes 



»20»R0 

BRKFIL-KRO) 

ROrK 

HtUATDH 

ECON 



»F.1I*ST(R1 
IF.BYTfljRl 
SETMD 

*F.BYT«.R1 
IF.INSTrRl 
SETHOB 



tTBLTDPiHTBLBOTiiove s^ible table pointer to eiPtu position 
ECON 

♦F.UALUrMLftSCOHJwas last 'coiiand' valued? 



EERR 

B*EXPFLB 

EERR 

EERR 

t6>R2 

PCfTYPSYM 

PC.DELSYM 

ECDN 



Nesr not Just 5 naie 

fcan't delete predefined saibols 
ican't delete a forward reference 
fback UP to specified entra 
fttfpe current value before deleting 
fdelete entry 
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5B 14i270 

59 146274 

60 

61 

L2 146274 

63 146302 

64 146306 
65 

66 146312 

67 146316 
68 

69 

70 146320 

71 146324 

72 146330 
73 

74 146332 

75 146336 

76 146344 

77 146350 
7B 146354 
7? 146360 

eo 

81 146364 

82 146370 

83 146372 

84 146374 

85 146400 

86 146406 
07 146412 
88 146414 
B9 146416 

90 146420 

91 146424 

92 146426 

93 146432 

94 146436 

95 146442 

96 146444 

97 146446 

98 146450 

99 146454 

100 146456 

101 146460 

102 146464 
103 

104 146470 

105 146474 

106 146476 

107 146502 

108 146504 

109 146510 
no 146512 
Ul 

112 

113 146516 

114 146520 



142701 000300 
000703 



010537 007466 

110337 007630 

000167 174734 

142701 000002 
000672 



004767 165102 
004767 176172 
OO0U5 



enun: 



im", 



ESYM! 



EEXTIl 



01674* 040772 EREG:: 

042767 0*0200 040764 

004767 003360 

012667 040754 

000167 175224 ECOH! 

000167 174600 EERRt 

106437 007324 imtW 

100373 

010502 

013701 007336 

142737 000010 007324 

005737 007706 

100760 

020201 

1037A0 

105737 007330 

100404 

042701 000001 

052702 000001 

013704 007756 HI 

060204 

U0104 

010400 

105737 007330 

100401 

005304 

004767 006044 2*: 

004767 006034 

020027 006500 
103415 

020427 020000 
103012 

020427 OlOOOO 
103403 
020027 020000 



103404 

012702 154476 4»; 



BICB 
BR 



mi 

K0V6 
JMP 

BICB 
BR 



JSR 
JSR 
JHP 

MOV 
BIC 
JSfi 

m 

JHP 
JHP 

HTPS 

mi 

MOV 

BICB 

TST 

BNI 

CMP 

BIO 

TSTB 

BHI 

BIC 

BIS 

mi 

ADD 
SUB 

Moy 

TSTB 
BHI 
DEC 
JSR 

JSR 

CMP 

PLD 

CMP 

BHIS 

CNP 

BLO 

CMP 



BIO 
Wi 



♦f.INST+F.BYTMjRl 
SETMOD 



R5.MREPEAT 

R3iMBP 

CH0N4 

»F.ABSpR1 
SETrtOD 



PCiGETNXT 

PCfGETEXP 
9R5 



jenabie repeated exgcytion 

fact like B new line starts after \ESC> N 
Jexecute rest of line repeatedly 



faet character after 2 
iparse transfer address 



THPMOD!-(SP) Jfor bate lode 

♦F.BYTMfTMPMOD J 

PCiTYPREG jtspe contents of reaisters and yatchpoint 

(SP)+fTMPHOD irestore flass 

CNDN5 

etLIMFLG fsee if underline has been executed 

EERR Ut hasn't—error— lissins psrawteF 

R5fR2 fSet final address of source »eior» block 

8*SAyEXPrRl iset startina sddress of source 

♦F.SAVXjP*LINFLGishOM that ssved expression has been used 

HFLA6&1 rare we in PASSl lade? 

ECDN ivesii don't execute kove 

R2iRl fis final address below stgrtins address? 

EERR iues) show error 

?tTHPMOD rare ue in bate lode? 

It ives 

♦liRl Jelse force startinfl address to even boundary 

lliR2 iarid final address to odd boundary 

M*ftDDRtR4 J^et slartins address of destination block 

R2»R4 jcslculate final address frot lensth of source 

R1.R4 

R4iR0 ls3« result for later 

MTHPMOD tare we in byte »ode? 

2( r'des 

R4 iadJust result for previous BIC and BIS 

PCfft[iRCH2 icheck that final destination address is le33l 

PCjftDRCHl J3et slsrtina destination address and check it 

rno« see if destination addresses straddle protected RAM 



ROfHUR 

3« 

R4*«2OO00 

3« 

R4f 410000 

4$ 

R0r*20000 



3i 

IUSERM(fR2 



lis final addr below lower instance of prot RAM 

^^esi destination ran^e OK 

fis start addr above upper instance of prot RAM 

fves' destination ran^e OK 

rdoes destin overlap lower instance of prot RAM 

fyesr ran^e is unacceptable 

iis final iddr below upper instance of prot RAM 

jthis is a trick test — we know RO is not 

iwithin the ranse *UR+10000"17777 fro« flDRCH2 

(yesi ranse doesn't overlap upper instance 

Jpoint to user RAH error MssaSe 



A-67 



Ml Ev3lu3tioft Module Monitor MACRO W)5, 00 Sunday 13-M3r-83 04! 10 P33e «-2 
PsrsinS Routines 



115 Hi524 


0M167 


174462 


m 






117 146530 


020401 




118 146S32 


101004 




11? 146534 


112124 




120 14653^ 


020102 




121 14A540 


101775 




122 146542 


000704 




!23 






124 146544 


005202 




125 146546 


005200 




126 146550 


114240 




127 146552 


020201 




128 146554 


101375 




12? 146556 


000676 




130 






131 146560 


106437 


007324 


132 146564 


100275 




133 146566 


010537 


007334 


134 146572 


142737 


000010 


135 146600 


004767 


164622 


136 146604 


004767 


175712 


137 146610 


024646 




136 146612 


010516 




13? 146614 


005066 


000002 


140 146620 


120027 


000137 


141 146624 


001010 




142 146626 


004767 


164574 


143 146632 


004767 


175664 


144 146636 


010566 


000002 


145 146642 


005166 


00OGO2 


146 146646 


013704 


007336 


147 146652 


105737 


007330 


148 146656 


100430 




149 146660 


042704 


000001 


150 146664 


011401 




151 146666 


011600 




152 146670 


074001 




153 146672 


046601 


000002 


154 146676 


001005 




155 146700 


004767 


006344 


156 146704 


004767 


006204 


157 146710 


000405 




158 146712 


005204 




159 146714 


105737 


007330 


160 146720 


100401 




161 146722 


005204 




162 146724 


020437 


007334 


163 146730 


101750 




164 146732 


022626 




165 146734 


000167 


174652 


166 






167 146740 


111401 




168 146742 


011600 




16? 146744 


074001 




170 146746 


046601 


000002 


171 146752 


042701 


177400 



31 : 
6t: 

5t: 
7*; 

EFKBIJ 



007324 



It; 
2«: 



5t: 



3(1 



6t: 



4$: 



JNP 

CMP 

BHI 

M0V5 

CMP 

BLDS 

BR 

INC 

wc 

MOVB 
CMP 

BHI 
BR 

MTPS 

BPL 

HOV 

BICB 

JSR 

JSR 

CMP 

MOV 

CLR 

CHPB 

BNE 

JSR 

JSR 

MOV 

COM 

MOM 

TSTB 

BMI 

BIC 

MOV 

Moy 

XOR 
6IC 
BNE 

JSR 

JSR 

BR 

INC 

TSTB 

BMI 

INC 

CMP 

BLOS 

CMP 

JHP 

MOVB 

MOM 

XOR 

BIC 

BIC 



ERROR 

R4,R1 

5$ 

(Rl)+f(R4)+ 

RlfR2 

6% 

ECON 

R2 

RO 

-(R2)t-(R0) 

R2iRl 

7* 

ECON 



f;>rint error ussa^e 

^nou see if destination block is above or below 
fsource — above ieans use backward transfer 
felse do forward transfer 

fdo efitire block 



iadJust pointers for autodecreient 
fperfon backward transfer 
!do entire block 



8*LINFLG tsee if underline has been executed 

EERR fit hasn't— error—iiissina F-araieter 

R5»?»ArVftDR fsave upper search ran^e liiit 

♦F.SAVX»0#LINFLGishow that saved expressiori has been used 

PC.GETNXT »3et character after F 

PCiGETEXP faet value ta be searched for 

-(SP)f-(SP) itake space for two scratch location on stack 

R5»(SP) fsave value to be searched for ori stack 

2(SP) finitislize coiPleient of search task to zero 

R0fll37 tis next character an underscore' 

1$ (not optional lask paraieter not present 

PCiGETNXT faet character after underscore 

PCtGETEXP ;^t search lask 

R5»2(SP) Jstore it on stack 

2{SP> fcotpletent lask 

MSAVEXPfR4 i*t starting address of search ranSe 

8tTMPH0II rare we in byte lode 

4$ fses? perfon bytewise search 

♦liR4 Jfor word search» iake sure address is everi 

?fi4iRl fset a word 

(SP)iRO i^et search value 

ROiRl icoipare values 

2(SP)iRl lisiore bits that are masked out 

3( fno Rstch 

PC.TYPADR ftspe sddrt?,^ of latched location 

PCiTYPLOl ityf-e contentsi but not as an instruction 

6$ iirPLOI already increiented R4 

R4 iadvance to next location 

MTMPMOD rare we in byte lode? 

6* faesT s6v^ce bs one 

R4 ielse advance a whole word 

R4f«ADVADR isee if entire ranse has been checked 

2$ ieontinue searching 

(SP)+f(SP)l (discard stacked values 

CONTIH ! recover character in ROi f-srse riext coMand 

9R4)R1 t3et a b>jte 

(SP)pRO iaet search value 

ROiRl icoBpare values 

2<SP)iR! iianore bits that are tasked out 

tl77400tRl i ignore discrepancies in hi3h bvte 
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172 144756 


000747 






BR 


5$ 




173 














174 














175 146740 


004767 


164540 


EtfflD:: 


JSfi 


PCCRLF 


rstsrt 3 new line 


176 144764 


013704 


007704 




MOV 


?»aft65hR4 


iSei 3 CQf^ of 50Be Bodp flsSs 


177 146770 


012702 


156256 




MOV 


tDIRVBlrR2 


fpoirit to PASSl cosfcand 


178 146774 


032704 


100000 




BIT 


»F.PftSl-R4 


isee if we're in PflSSl or PASS2 


179 147000 


004747 


000132 




JSR 


PCili 


Iprint proper lode snd point to NOPROT 


180 147004 


032704 


004000 




BIT 


«F.H[)STrR4 


;see if HOST or NOHOST is active 


IBl 147010 


004747 


000122 




JSR 


PCrlt 


ipripFt proper lode 


182 147014 


113704 


007330 




mn 


HTKPNaDfR4 


fdet 3 copy of the rest of the iode flass 


183 147020 


012702 


156364 




MOV 


tDIRi;BI>R2 


rpoint to IN5TRU ooitand 


184 147024 


132704 


000100 




Bire 


*F.IMST»R4 


Jsflc if instruction node is active 


185 147030 


001402 






BEQ 


4« 


{branch if not 


186 147032 


004767 


000100 




JSF 


PC.H 


iprint proper iode 


187 147034 






4$: 








188 147034 


012702 


154344 




m 


»D]RVFA*R2 


tpoini to ABSQIU cowand 


189 147042 


132704 


000002 




BITB 


tF.AB5rR4 


isee if absolijte or syibolic wde is active 


190 147044 


001002 






BKE 


6% 


{absolute kode 


191 147050 


012702 


156412 




mv 


*DIRVB5fR2 


fpoint to suibolic iode 


192 147054 


004747 


000056 


6<: 


JSR 


PC»1$ 


iprint proper kode 


193 147040 


012702 


156362 




HOV 


*[IIRVBH*R2 


fPoint to BYTE coiiand 


194 147044 


132704 


000200 




BITB 


»F.ByTM»R4 


fsee if bate iode is active 


195 147070 


001402 






BEQ 


7« 


iit isn'ti print nothing 


194 147072 


004767 


1M676 




JSR 


PC,PRrNT2 


fel5« print BYTE co«3fld 


197 147076 


012702 


154376 


7(: 


ftOV 


♦BIRVBN-4-R2 


{point to word kode 


198 147102 


132704 


000300 




BITB 


♦F,INBT!F,BnH»R4 iit not bate or insiructioTi then word 


199 147106 


001002 






BNE 


20$ 




200 147110 


004747 


000022 




m 


PC»1* 




201 147114 


012702 


156432 


20t: 


HOV 


»BIRVBT+14iR2 


{point to vtiode 


202 147120 


032767 


004000 040203 




BIT 


♦F.VTtPERMflD 


{see if set 


203 147124 


004767 


000004 




JSR 


PC.li 


{^0 show uich vt iode 


204 147132 

205 

206 147136 


000147 


177214 




JKP 


ECDN 


{and return 


104746 




It: 


MFPS 


-(SP) 


{save Z flas 


207 147140 


104416 






HTPS 


(SP) 


iaet back a copy 


208 147142 


OClOOl 






BKE 


2» 


{print couand pointed to b^ R2 


209 147144 


022222 






CHP 


(R2)4»(R2)+ 


{else advance to next cosaand 


210 147146 


004747 


164622 


2*! 


JSR 


PDfPRINT2 


{print coiisndf advance R2 


211 147152 


012700 


004440 




m 


«400«01H040tR(] 


> p<space> \t3b> 


212 147156 


004767 


144346 




JSR 


PC.CHROUT 




213 147142 


106426 






HTPS 


(SP)t 


» recover Z flaS 


214 147164 


001401 






BEQ 


31 


{if we advanced before* don't do it a^ain 


215 147166 


022222 






CKP 


(R2)ff(R2)4 


rsiip over next cowand 


216 147170 


006207 




Z%', 


8TS 


PC 
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1 

2 
3 
4 147172 








.SBTTL 


Directive dnd Verb Handling Routines 


162702 


000100 


WVERB 


!!SIIB 


♦DIRVRB-DSYHS»R2fr»Dve offset froi index to verb 


5 147176 


006202 






ASR 


R2 


iiak.e it a uord inAey. 


6 H7200 


020227 


000042 




CHP 


R2»»VRBBSl-yRBIISP iis this verb an <ESC> sea. replacew 


7 147204 


103403 






BLO 


li 


ino 


8 147206 


005303 






m 


R3 


iiake it so that ue C3n use previous routines 


9 147210 


013701 


007330 




HOV 


e«TNPHDD>Rl 


rfroi the escape seouence handler 


10 147214 
11 


000172 


147220 


i«: 


JW 


9VRBDSP(R2) 


fdispatch to proper hendlins routine 


12 

13 147220 






MRBBSP: 


1 1 
1 1 






14 147220 


147320 






.yORD 


HELP 




15 H7222 


147432 






.UORD 


GO 




16 147224 


147416 






.UQRD 


STEP 




17 147226 


150202 






.tIDRD 


PASSl 




18 147230 


1S0212 






.UORD 


PASS2 




19 147232 


150222 






.WORD 


HOST 




20 147234 


150306 






.WORD 


NOHOST 




21 147236 


150504 






.UQRIi 


TALK 




22 147240 


150442 






.UORD 


LOAIr 




23 147242 


143164 






.WORD 


CH0N2 


{.START 


24 147244 


143216 






.UORD 


CH0N3 


i.END 


25 147246 


147776 






.UORD 


i.EVEN 




26 147250 


147700 






.WORD 


t.ASCI 




27 147252 


147466 






.WORD 


«.BYTE 




28 147254 


147560 






.WORO 


t.WORD 




29 147256 


147634 






.WORD 


S.BLKF 




30 147260 


147654 






.WORD 


t.BLKU 




31 147262 


146150 




VRBDSII 


: .UORD 


EABS 


fABSOLU point to the start of escspe 


32 147264 


146156 






.HORD 


ECAH 


tCAHCEL 


33 147266 


136752 






.U0R9 


(HALT 


JEXIT 


34 147270 


146176 






.WORD 


EBYT 


fBYTE 


35 147272 


146210 






,vm 


EIN5 


fINSTRU 


36 147274 


146222 






.WORD 


ECLR 


idzm 


37 147276 


147444 






.UORB 


»EL£TE 


^DELETE 


38 147300 


146270 






.WORD 


ENUH 


fWORD 


39 147302 


150012 






.WORD 


♦RPEAT 


i REPEAT 


40 147304 


146312 






.UKD 


ESYH 


fSYHBOL 


41 147306 


146760 






.WORD 


EMOB 


rSHOWHD 


42 147310 


146332 






.WORD 


EREG 


iSHOWRE 


43 147312 


152040 






.WORD 


TYPTBL 


iSHOUST 


44 147314 


147374 






.WORD 


VTON 


JUTOH 


45 147316 

46 

47 147320 


147406 






.WORD 


VTDFF 


fVTOFF 


012702 


156242 


HELP!! 


mv 


»IRVRBrR2 


}t»pe the verb/directive teble on the console 


48 147324 


004767 


144174 


2$: 


JSR 


PCfCRLF 


istart 3 new line 


49 147330 


112737 


000010 007341 




MWB 


I8..MC0UNT2 


rput 8 coiiands on s line 


50 147334 


004767 


144432 


1$: 


JSR 


PCfPRINT2 


rprint a coMand 


51 147342 


02022? 


156442 




CHP 


R2t»CHMDIS 


rhave we done the whole table? 


52 147346 


103010 






BHIS 


Z% 


fVe5 


53 147350 


105337 


007341 




DECB 


?»C0OHT2 


fhave we finished a line? 


54 147354 


001743 






BED 


2$ 


hes 


55 147356 


012700 


004440 




HOV 


«40OI01UO40iR0 


itspfl <sp3ce> <tab> 


56 147362 


004767 


144142 




JSR 


PCfCHROUT 




57 147366 


000743 






BR 


It 
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58 

59 147370 

60 

il 147374 

62 147402 

63 

64 147406 

65 147414 
66 

67 147416 

68 147424 

69 147432 

70 147440 
71 

72 

73 147444 

74 147446 

75 147452 
74 147454 
77 147462 
78 

79 

80 147466 

81 147474 

82 147500 

83 147504 

84 147512 

85 147516 

86 147522 

87 147526 

88 147530 

89 147534 

90 147540 

91 147542 

92 147546 
93 

94 147550 

95 147556 
96 

97 

99 147560 

99 147566 

100 147572 

101 147576 

102 147602 

103 147604 

104 147610 

105 147614 

106 147616 

107 147622 
108 

109 147624 

110 147632 
111 

U2 

113 147634 

114 147640 



OO0U7 174216 

052767 004000 037726 

000167 174176 

042767 mm 037714 
000772 

052737 000200 007706 

152737 000001 007324 

023727 007746 006500 

000167 172256 



005203 

004767 175040 

005303 

132737 000002 007326 

000167 176552 



013737 007756 007334 

004767 175022 

113746 007330 

052737 000200 007330 

013704 007334 

004767 005006 

112637 007330 
110514 

005237 007334 

120027 000054 
001003 

004767 163660 
000752 

013737 007334 007756 
000571 



013737 007756 007334 

004767 174730 

013704 007334 

004767 004726 
010524 

010437 007334 

120027 000054 
001003 

004767 163604 
000761 

013737 007334 007756 
000543 



004767 174662 
106437 007326 



3J: 



M CONTIN 



f recover character in ROt continue parsinS line 



VTON; bis »F.yT,TMPMOD Hum vt Mde on 

MTJHP: ^P CH0N5 

VTOFFI BIC #F.VTrTMPHO[i iturn vt off 

m VTJMP 

step:: bis 4F.SST*HFLAGS1 ishaw HE are single stepping 

BISB #F.SSTh«LINFLG 

go:: CMP PHSP.MUR Us user SP in nis RAH? 

JHP (601 iijse keypad lonitor GO routine 



DELETE! !IMC R3 icounteract earlier DEC R3 in this esse 

JSR PCiBENEXP (set syibol naie to be deleted 

DEC R3 fnoH prepare to use <ESC> seuuence routine 

BITB tF.VALUfMCURCOMfreplaces test en LASCOM in EDEL 

JMP EDELl 1^0 to routine to delete a suibcl 



t.B¥TE::Mt]V MtADDRietADVADRfSet a scratch copy of current address 

H: JSR PC»GETEXP tSet 3 value to be deposited 

HOVB en«PMQD»-(BP) ffool ADRCHK into IhinKina ue are in bate iode 

BIS ♦F,BYTHr0*THPMOD 

MOV e#ADVADR»R4 iiei running copy of current address 

JSR PCfADRCH2 icheck that it's not in protected RAM 

MDVB (SP)4iHTMPN0D ^restore proper Bode bits 

MOVB R5reR4 ^deposit a b^te 

INC ^lADVADR Jadvance running address 

CtffB R0jI054 (is next character a coisBa? 

6NE 2$ irio 

JSR PCtGETNXT i^et character after coiia 

BR 1$ rdeposit another bate 



2$! 



MOV MADVABRfMtADDRiupdate current address 
BR VCDN 



$.U0RD::M0V e*«ADDR*MADVADRfSet 3 scratch copa of current address 

li: JSR PCtGETEXP laet a value to be deposited 

MOV ?WBVADRiR4 faet runnins address 

JSR PCjADRCH2 (check that it's not in protected RAM 

KOV R5i(R4)l (deposit a word 

MOV R4iMADVADR (advance runnina copb of current address 

CMPB R0t»054 (is next character a cotna? 

BNE 2% (no 

JSR PCfGETNXT (set character after cotia 

BR If ideposit another word 



2$; 



HOV etADVABRj?HADDR( update current address 
BR VCON 



(.BLKBilJSR PC.GETEXP (Set arsuMnt 

HTPS etCURCOM (check if it contained undefined saibols 
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115 H7644 
lU 14764i 
117 147i52 
118 
119 

120 147654 

121 147AA0 

122 1476A4 

123 147666 

124 147670 

125 147672 

126 147676 
127 

128 

129 147700 

130 147704 

131 147712 

132 147716 

133 147722 

134 147724 

135 147730 

136 147736 

137 147742 

138 147746 

139 147752 

140 147754 

141 147760 
142 

143 147762 

144 147770 

145 147774 
146 

147 

148 147776 

149 150002 

150 150010 
151 

152 

153 150012 

154 150014 

155 150020 

156 150024 

157 150026 

158 150030 

159 150032 

160 130036 

161 150040 
162 

163 
164 

165 150044 

166 150046 

167 150052 

168 150054 
149 

170 150060 

171 150064 



001146 
060537 
000533 



00476? 
106437 
001136 
010504 
006304 

060437 
000521 



110037 
013737 
004767 
120037 
001417 
113746 
052737 
013704 
004767 
112637 
110014 
005237 
000754 

013737 
004767 
000462 



005237 
042737 
000454 



005203 
004767 
106437 
001056 
005705 
001450 
120027 
001043 
000167 



005203 
004767 

005303 
000167 

004767 
120027 



007756 



174642 
007326 



007756 



007345 
007756 
163474 
007345 

007330 
000200 
007334 
004562 
007330 

007334 



007334 
163432 



007756 
000001 



174502 
007326 



000054 
176232 

000006 
176304 

174436 
000137 



eNE 
ADD 
BR 



i.BLKU;:j5R 
HTPS 
SHE 
HOV 
ASL 

ADD 
BR 



$.ascij:hovb 

007334 NOV 

1$: JSR 
CMPB 
BEQ 
H0V6 

007330 BIS 

HOV 
JSR 
WVB 
MOVB 
IK 
BR 

007756 2$! HOV 
JSR 
BR 



{.even:: INC 
007756 BIC 

BR 



$rpeat:;inc 

JSR 

HTPS 

BNE 

TST 

BEQ 

CttPB 

BNE 

JHP 



VERRl 

R5fl?»AItDR 

VCDN 



PCtGETEXP 

etCURCDH 

VERRl 

R5tR4 

R4 

R4rH«ADDR 

VCOH 



Jit did? refuse .BLKB directive 
fadd it to current address 



rSet ar^ment 

fcheck if it contsiried undefined s«»bols 

iit didi refuse .BIKH directive 

fiake a scratch copy 

rdouble it 

fadd it to current address 



ROfHBELIH isave deliiiter 

M(ADDRre*ADVADRt^et a scratch cop'd of current address 

PC»6ETCHC !2et next character* don't fold to upper case 

ROfMDELIH fhave ue reached delititer yet? 

2% fwesf done 

e*TNPHOD.-(SP) ifool ADRCHK into thinking we are in byte iode 

♦F.BYTMfHTHPHOD 

?*ADVAWlfR4 ;aet running copy of current address 

PC»ADRCH2 (check that it's not in protected RAH 

(SP)tie*THPHOD Jrestore proper tode bits 

fdeposit a byte 

fadvance running address 



R0r?R4 

?<A&VADR 

1( 



MADVADRfBtJADDRiupdale current address 
PC»G£INXT (set character after deli»iter 
VCON 



etIADBR 

4tf»(ADDR 

VCON 



R3 

PC.GETEXP 

SKmCQH 

VERRl 

RS 

RERR 

R0fM54 

VERR 

EREP 



.ENABL LSB 

HOVE! I INC R3 

JSR K,l% 

DEC R3 

JHP EHOV 



li! 



JSR 
CMPB 



PCfGETEXP 
R0*tl37 



Jcounteract earlier DEC R3 in this case 

I Set repeal count 

fcheck if it contained undefined syibols 

jit did* refuse REPEAT coMand 

fsee if a repeat of zero uss given 

r refuse zero 

f check that a coiia follows 

rno coiiap error* lissins paraieter 

iao to repeat cOMand line routine 



icounteract earlier DEC R3 in this case 
i^et address pair 

fprefare to use <ESC> seauence rountine 
1^0 to routine to uve a keury block 

t^et first address 

iis it followed ba an underline? 
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172 150070 

173 150072 

174 150076 

175 150104 

176 150110 
177 

178 

179 150114 

180 150116 

181 150122 

182 150126 

183 150130 
184 

185 

186 

187 150134 

188 

1B9 150142 

190 

191 150146 

192 

193 150152 

194 150156 
195 

196 150162 

197 150166 
198 

199 150172 

200 150200 
201 

202 150202 

203 150210 
204 

205 150212 

206 150220 
207 

208 

209 150222 

210 -150230 

211 150232 

212 150236 

213 150242 

214 150246 

215 150254 

216 150260 

217 150266 

218 150274 

219 150302 
220 

221 

222 150306 

223 150312 

224 150314 

225 150320 

226 150326 

227 150334 
22B 150342 



001026 

010537 007336 

152737 000010 007324 

00476? 163316 

000167 174406 



005203 

004767 177736 
120027 000054 
001007 
000167 176424 



052737 

000167 

000167 

012702 
000167 

012702 
000167 

042737 
000760 

052737 
000754 

04273? 
000750 



032737 
001346 
105037 
105037 
004767 
052737 
105737 
012737 
11273? 
112737 
00016? 



040000 007706 

173450 

173012 

151412 
173030 

151372 
173020 

040000 007706 
100000 007706 
100000 007706 

004000 007706 

007672 

007673 

164656 

004000 007706 

177550 

134540 000120 

000046 007711 

000046 177452 

173304 



105737 007673 
100715 

105037 007673 

U2737 000042 0077U 

112737 000042 177452 

042737 004000 007706 
000677 



BME 

(toy 

BISB 

JSR 

M 



find:: imc 

JSR 
CHPB 

m 

• liSASl 



noprot:;bis 
mcon; jnp 
verr: jmp 
rerr; hdv 

JHP 

VERRi: NOV 
J«P 

PROTECMBIC 

BR 

passu: bis 

BR 

PASS2:! m 

BR 



host:: bit 
m 

CLRB 

CLRB 

JSR 

BIS 

TSTB 

HOV 

HOVB 

HOVB 

JHP 



nohost::tstb 

BHI 

CLRB 

HOVB 

KOVB 

BIC 

BR 



VERR inof lisein^ paraieter 

RStMSAVEXP Jsave the first address 
tF,SAVX»?»LINFLGfshow we have saved soiethififl in SflUEXP 
PCfSETNXf ;3et character after ufiderlme 

GETEXP iSet second address 



R3 

PCtl» 

R0f*054 

VERR 

EFWr 

LSB 



fcounteract earlier MC R3 in this case 

r^et address pair 

iis it folloued by a coMa? 

tnor iissinj paraiter 

iSo to routine to find a value (search leiory) 



♦F-PRDTie»FLAGSliturn off lonitor scratch protection 

ifall into VCON 
CHDN6 fCOTitinue parsing 



CK0N2 



taewral error 



♦REPOF0fR2 frweat of zero error 

ERROR 

♦UMDEFXjft2 (Undefined expression error 

ERROR 

♦F,PROTtP*FLAGSliturn on wnitor scratch protection 
VCON 

#F.PASlre»FLAGSi;shOH w are in PASSl tode 
UCON 

IF.PASlfMFLASSljstiou we are in PASS2 lode 

yaw 



tF.HOSTrHFLAGSlfare ue already in host aode? 

VERR West error 

e*HFP finitialize host input buffer 

e«HSTFLG land host fla^s 

PC(SETflX2 iietch aux port baud rate to console port 

♦F.HOSTjMFlAGSlfset host node 

?tA»ftBUr /discard any UTbsSi in the port 

♦HOSTINiMflUXIN fhook up host input service routine 

»046je#Al]XFLG isave a rwH copy of AKREG value 

*046iMA(CREG Jenable au>; port receiver interrupt 

CONTIN ; recover character in RO 



?4HSTFLC iare we in host load lode? 

UERR pyesr refuse NDHGST co*«and 

eiHSTFLC tclear host fla^s 

#0-i2(etAUXFLG isave s copy of new AtCREG value 

t042»P#A*CREG tdisable aux port receiver interrupt 
*F,HOST»0*FLAGSi;5hOM we are tiot in host node 
VCON 
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229 
230 

231 150344 
150347 

232 150352 

233 150354 
150357 
150362 
150365 
150370 
150373 
150374 
150401 
150404 
150407 
150412 
150415 
150420 
150423 
15042i 
150431 
150434 
150437 

234 150441 
235 

236 

237 150442 

238 150442 

239 150450 

240 150452 

241 150456 

242 150440 

243 150446 

244 150470 
245 

246 150472 

247 150500 

248 150502 
249 

250 150504 

251 150512 

252 150514 

253 150520 

254 150522 
255 

256 150530 
25? 150534 

258 150540 

259 150544 

260 150550 
261 

262 150556 

263 150562 

264 150566 

265 150570 

266 150574 
247 150576 



056 
101 
015 
105 
105 
124 
040 
050 
123 
105 
040 
050 
116 
102 
101 
054 
101 
123 
104 
101 
077 
000 



032737 
001410 
105737 
100405 
152737 
005002 
000417 

032737 
001622 

000207 

032737 
001615 
105737 
100612 
142737 

106427 
005737 
105737 
004767 
112737 

004747 
105737 
100017 
113701 
000240 
004201 



123 
122 
012 
040 
130 
051 
122 
122 
125 
051 
102 
123 
104 
122 
113 
040 
040 
105 
040 
051 
000 



004000 
007673 
000100 



124 

124 

050 
111 
054 
040 
105 
115 
054 
040 
105 
040 
105 
051 
134 
050 
116 
136 
040 



*.STRT! .ASCII /.START/ 



OPTION! 



.BYTE 
.ASCIZ 



blqad:; 
007704 load:: bit 

BEQ 
TSTB 
6NI 
007673 BISB 

CLR 
BR 



020000 007704 LERRl BIT 

BEO 

12J! RTS 



004000 

007673 

000100 

000300 
177542 
177550 
142754 
000011 

000344 
177540 

177552 



007704 talk:i bit 

8EQ 
TSTB 

m 

007473 BICB 

TALKl! HTPS 
TST 
TSTB 
JSR 
177444 MOVB 



4«; 
II ; 



JSR 

TSTB 

BPL 

NOVB 

^OP 

ASR 



015i012 

/E (EXIT), 



(String to latch for enabling of load lode 

;<CR>. <LF> 
R <RESl»1E)» B (SEND BREAK)? "A (SEND "A) ?/ 



■BYTE 



ibecause the linker won't zero fill 



.ENABL LSB 



tF.KOSTiHFLAGSltis host lode enabled? 

LERR fnor refuse LOAD coHsnd 

9tK5TFLG fsre ue in host load lode? 

LERR f<jesT refuse LOAD coinsnd 

♦F.LDSTfWHSTFLGJshOM ue want to start loading uPon .START 

R2 finitialize index to latch .START strins 

TALKl 

»F.TBASf8*FLAGEi;3Pe we running Tins Basic? 

VERR loo 

PC ;»Kf return to BASIC 

«F.H0ST,WlA5Si;js host lode enabled? 
^Kfik inot refuse LOAD coMand 

HHSTFIG fare we in host load lode? 

VOtR ;yesr refuse TALK coiiand 

*F.LBST»eiHSTFLGishou we uant to i^ore .START 



♦300 

9tC«RBUF 

9«AtRBUF 

PCfCRLF 

t011»e*P(PORC 

PCfClRAPE 
MC»RC5R 
2t 
^tAtSREGrRl 

Rl 



rdisable interrupts except console break 
iclear ana aarba^e in the ports 

Tstart 3 neu line 

;tum on LED durind virtual teriinsl operation 

fclear aux port error 

iuser tspe a character? 

Ino 

fCheck host port status 

ittt Place holder for the above line ttt 
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26S mm 

269 150602 

270 150606 

271 150610 

272 150614 

273 150620 

274 150622 
275 

276 150626 

277 150632 

278 150636 

279 150640 

280 150644 

281 150650 

282 150654 

283 1S06S6 

284 150664 

285 150666 
266 150670 

287 150672 

288 150674 

289 150700 

290 150704 
29! 150706 

292 150710 

293 150714 

294 150716 

295 150722 
296 

297 150724 

298 150726 

299 150732 

300 150734 

301 150740 
302 

303 150742 

304 150746 

305 1S0752 

306 150756 

307 150760 
M8 150764 

309 150766 

310 150772 

311 150776 

312 151002 

313 151004 

314 151010 

315 151014 

316 1S1016 

317 151022 

318 151030 

319 151032 

320 151040 
321 

322 151042 

323 151046 

324 151050 



103012 

013700 177562 
100407 

042700 177600 
120027 000001 
001450 
110037 177450 

113701 177552 

132701 000002 
001751 

113700 177550 

042700 177400 
132701 000170 
001340 

132737 000100 007673 

001420 

010001 

005702 

001402 

042701 OC0040 
120162 150344 
001007 
005202 

020227 000006 
103404 

110037 177566 
000470 

005002 

105737 177564 
100313 

110037 177566 
000710 



9»J 
21 : 



012701 
004767 
105737 
100375 
013700 
100772 
042700 
U0037 
120027 
001707 
042700 
120027 
001012 
012701 
112737 
077101 
112737 
000650 



14$: 



150352 
163002 
177560 

177562 

177600 
177566 
OOOOOl 

000040 
000102 

lOOOOO 
000057 177452 

000047 177452 



4$: 

5*1 



3»: 
8i: 



120027 000105 

001245 

112737 000010 177444 



lit; 



lot: 



BCC 

mv 

6IC 

BEO 
KOVS 

NDV6 
6ITB 

m 

6IC 

BITB 

BNE 

BITB 

BEQ 

TST 

BEQ 

BIC 

CNPB 

BNE 

INC 

CMP 

BLO 

KOVB 

BR 

aR 

TSTB 
EPL 
HOVB 
BR 

JSR 

TSTB 

BPL 

KCV 

BHI 

BIC 

nm 

CMPB 

BEO 

BIC 

CHPB 

BNE 

m 

SOB 

HOVB 

BR 

CHPB 

BNE 

HOVB 



2< fCTS not asserted or transtitter not e«pty 

MCJRBUFiRO fSet character frw console 

2< ;i3nore error characters 

tI77600rRO Jiake sure no parity bit set 

R0.*1 fis it "fi ? 

3i fi^esi e^iit talk kode 

ROiMfllXBUF (no* output character to host 

e4A$SR£G>Rl rcheck host port status 

t002il<:l rdo we have a character? 

1$ irpo 

?»AiRBUF»RO iflet character froi host 

♦177400rR0 fprevent sisn extend 

*170»R1 (is it break of an error? 

6* tsesr ignore character 

4f.LBSTrMHSTFLS;3re w lookinS for .START? 

5* ;no 

ROiRl 

R2 

141 

«040fRl 

R1.«.STRT(R2) 

4i 

fi2 

R2i»6 

5$ 

R0*9tCtXBUF 

7« 



rtaits 3 scratch copy of character 
idon't fold the period 

ifold lower case to upper case 

{does character wtch? 

inot 20 back to the '.' in .START and try aSain 

ihave ue tatched entire string? 
Jnof continue with nent character 
(send the character without delay! 
Js latchf start loading 



R2 

e»c$xcsR 
It 

RO»HC$)tBUF 
1» 

»0PT1DH>R1 

PCfPRINTA 

?«IRCSft 

8t 

gtC$RKJF,RO 

8$ 

♦177600 »R0 

ROrMCJXBUF 

ROt»l 

n 

»040iRO 

R0.*102 

10$ 

♦IOOOOOtRI 

*057>m«CREG 

Rlr. 
»047f@tA«CREG 

1( 

R0,«105 

It 

♦OlOrWPtPORC 



fis console port ready for a character 

inoi drop character 

fyesr echo character to console 



fpoint to lessa^e 

Jprint ASCII strin3 on console 

fuait for a character 

f^et character fpoi cofisole 

icharscter caused an errori try aSain 

jiake sure no parity hit set 

Secho character to console 

Jis it "A? 

rifesf send it to host 

ffold lower case to upper 

hs it B? 

J no 

rsend break 
iuait a while 

fpesuie two-way coii'jnication 

fis it E^ 

inoi resuie ccBiunication 

HuHi off LEI* indicator 
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325 15105i 

326 1510M 

327 151070 

328 I5107i 

329 151100 
330 

331 151104 

332 151U2 

333 151120 

334 151126 

335 151132 

336 151140 

337 151142 
338 

339 151146 

340 151154 

341 151162 
342 



112737 
106427 
032737 
001201 
000167 

152737 
112737 
112737 
106427 
032737 
001356 
000167 

112737 
112737 
000207 



000046 177452 
000000 
020000 007706 

172112 



13(1 



000200 007673 7$! 

000010 177444 

000046 177452 
000000 

020000 007706 
172056 

000067 177452 CLRAPEI 

000047 177452 
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HOVB (046r9tAICR£G rdissble 3ux port trsnsiitter interrupt 

HJ?5 #000 Ireensble interrupts 

BIT tF.TBASrS^FLAGSlisre we runninS Tinv Basic? 

5ME 12$ hez, return to BASIC 

JMP CH0N3 (return to console lonitor 

BISB »F.L0ADr»H5TFL6>5et host load lode 

NOyS tOlOiMPiPORC rturn off LED indicator 

HOUB ♦046iPlft»CREG fdisable aux port transiitter interrupt 

KTPS #000 rreenable interrupts A.S.A.P. 

BIT *F,TBASf?IFLftGSlf3re we runninS Tinu Basic? 

BNE 13« fwsr return to BASIC 

JMP CH0N31 ?return to console lonitor 



KOVB *067rHAiCRE6 

HOVB t047>HAiCREG 

RTS PC 

.DSABL ISB 



jclear aux port error flass 

iasser DTRr RTSi enable aux port xiit and recv 
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1 

2 
3 
4 








.SBTTL 








.ENABL 


5 151U4 


132737 


000002 007327 


DOSYHB 


::bitb 


6 151172 


001423 






BEQ 


7 151174 


010237 


007334 




NOV 


8 151200 


004767 


142222 




JSR 


9 151204 


104437 


007332 




MIPS 


10 151210 


100434 






BHI 


11 151212 


103413 






BCS 


12 151214 


004767 


173302 




JSR 


13 151220 


106437 


007326 




hTPS 


14 151224 


001010 






BNE 


15 15122i 


013702 


007334 




nov 


16 151232 


020227 


000054 




CMP 


17 15123A 


103407 






BLO 


18 151240 


101012 






BHI 


19 151242 


000167 


171716 


3(; 


JHP 


20 










21 151244 


012702 


151372 


13$: 


HOV 


22 151252 


000167 


171734 




JHP 


23 










24 










25 151256 


006202 




4$: 


ASfi 


26 151260 


010562 


007732 




HOV 


27 151264 


000404 






BR 


28 










29 










30 151266 


042705 


OOOOOl 


5«! 


BIC 


31 151272 


010542 


007700 




NOV 


32 151276 


000147 


172314 


6i; 


JhP 


33 










34 151302 


102021 




1$: 


BVC 


35 151304 


013746 


007320 




MOV 


36 151310 


013744 


007322 




MOV 


37 151314 


004767 


173202 




JSR 


38 151320 


106437 


007324 




MTPS 


39 151324 


001006 






BNE 


40 151326 


010504 






NOV 


41 151330 


012437 


007322 




HOV 


42 151334 


012437 


007320 




MOV 


43 151340 


000446 






BR 


44 










45 151342 


022624 




12$: 


CHP 


46 151344 


000754 






BR 


47 










48 151346 


010446 




2»: 


MDV 


49 151350 


004747 


173144 




JSR 


50 151354 


104437 


007324 




HTPS 


51 151340 


001332 






BNE 


52 151362 


010504 






MOV 


53 151344 


022404 




io<: 


CHP 


54 151366 


001325 






BNE 


55 151370 


000742 






BR 


56 










57 151372 


102544 


020071 054114 


UNDEFX: 


; .RADSO 



Swbol and Label Kandlind Routines 

LSB 

#F.VALUjB*LASCOMicheck that last 'cMiand' was not valued 

3$ fwas evaluated! error 

R2fetAIIVADR rstore index here 

PCfKTNXT jset next ieaninSful character after = 

eieXPFLG Isee what fc,irid of ssibol we are defining 

1$ fuser defined naie 

3J iyas a inMonio directivej or verb— error 

PC16ETEXP iiei value to be eeuated 

9tCURC0H icheck if it contained undefined suibols 

13f !it didr refuse smbol definition 

»ADVADRfR2 rdet back index 

R2r*DSYHUR-DSYHSruhat is naie? 

4$ tRO throu^ . 

5« rBl through B4 

CH0N2 relse show error 



#U((DEFXiR2 
ERROR 



R2 

RSr«R0(R2) 

4« 



fimdefined expression error 



(•ake a word index 

iset apppofpiate pesister* 



watchpoinlf or 



thR5 fbreakpoints have even addresses 

R5fMa(FIL-<DSyHURH-BSYMS>(R2) fset approprile breakpoint 
CHDN6 



rswbol alpeadv defined 

tsave naie of suibol we are defining 

I get value to be set 

rcheck if it contained undefined s^abols 
tit didj iSnore ssibol definition 
idet value to be set 



2* 

MTBLTOPf-(SP) 

etTBLT0P+2>-(SP 

PC»GETEXP 

etCURCOM 

12$ 

R5iR4 

(SP)+fe#TBLT0P+2frecovep naie 

(SP)tfe»TBLTOP 

9« 

(SP)4)(SP)4 ;pop saved naie 

4( rQuietly ignore ssibol definition 

R4t-(SP) fsave present value of sy»bol 

PCfGETEXP iSet value to be set 

MCURCOM icheck if it contained undefined s^tbols 

13$ rit didi refuse s^jtbol definition 

R5iR4 !put value in R4 

(SP)-f-rR4 rsee if s^kbol or label is bein^ changed 

3$ iit isr which is not periitted 

4$ rno change* so auietlu ignore couand 

/UNDEFINED EXPRESSION/ 
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151400 


000340 


063325 074701 








151406 


057760 










56 151410 


000000 






.WORD 





59 151412 


070530 


017S74 001136 


fiEPOFO 


1 .RAD50 


/REPEAT OF ZERO/ 


151420 


002025 


071330 








60 151424 

61 

62 151426 


000000 






.WORD 





13273? 


000002 007327 


DOLABLl 


::bitb 


»F.VALUr9tLASC0M 


63 151434 


001702 






BEQ 


3* 


64 151436 


004767 


161764 




JSR 


PCtGETNXT 


65 151442 


106437 


007332 




HTPS 


etEXPae 


66 151446 


100275 






BPl 


3« 


67 151450 


102037 






m 


8$ 


68 151452 

6? 

70 151456 


013704 


007756 




m 


»$ADDR>R4 { 


013702 


007462 


9«J 


m 


9tTBlB0TrR2 i 


71 151462 


162702 


000006 




SUB 


«6>R2 


72 151466 


020227 


006500 




CMP 


R2fHUR ;i5 then 


73 151472 


101011 






m 


Ui 


74 151474 


012702 


151504 




MOV 


♦TBIFUL. R2 


75 151500 


000167 


171506 




M 


ERROR 


76 151504 


076452 


045710 024324 


TBIFUL! 


: .RAD50 


/TABLE FULL/ 


151512 


045400 










77 151514 

78 

7? 151516 


000000 






.UORr 





106427 


000340 


lU! 


HTPS 


*340 ; 


80 151522 


010237 


007462 




MOU 


R2jMTBLB0T 


81 151526 


013722 


007320 




MOV 


MTBLT0Pt(R2)t i 


82 151532 


013722 


007322 




MOV 


MTBLT0P+2.(R2) + i 


83 151536 


010422 






MOV 


R4)(R2)t i 


84 151540 


106427 


OOOOOO 




HTPS 


«000 


85 151544 

86 

87 151550 


000167 


172042 




JMP 


CDMTIN 1 


010446 




8t: 


MGV 


R4t-(SP) i 


88 151552 


013704 


007756 




MOV 


et$ADDRiR4 


89 151556 


000702 






BR 


10» 


90 








.DSABL 


LSB 



fsee what !(,ind of label we are defifiin^ 
ipredefiried s^bols cen'l be labels 
fuser naie already iefirteu 
fSet value to be set 

fSet bottoi of s»bol table 

»3o down one entrv 

e spsce for new entry? 

faes 

ipoint to les^aae 

Jprint error wessa^e 



iiske s-jtbol table alterations atoiic 

ibs blocking console break, etc. 

(store first word of naie 

land second word 

(store syibol's value 

.restore interrupt service 

.recover character in ROt 3et next cosiiand 

(save present value of label 

iaet current addressi which is value to be set 
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1 
2 
3 

5 151560 

6 151564 

7 151570 
a 151572 
9 151574 

10 151576 

n 

12 151400 

13 151604 

14 15U06 

15 151612 

16 151614 

17 151616 

18 151620 

19 151622 
20 

21 151624 

22 151626 

23 151630 
24 

25 
26 
27 
28 
2? 
30 

31 151632 

32 151640 

33 151642 

34 151646 

35 151652 

36 151654 

37 151660 

38 151662 

39 151666 
40 

41 151670 

42 151672 
43 



t+ 



GETSYN »3tches 3 new nsie to the smbol table* 



013702 007462 

020227 007320 

103403 

005004 

000277 

000207 

022237 007320 

001007 

022237 007322 

001005 

012204 

000270 

000242 

000207 

005722 
005722 
000755 



GETSYhWMOV 
2»t CMP 

BLO 

aR 
sec 

RTS 



e*TBLB0T-R2 

R2»»TBLT0P 

It 

R4 

PC 



fStsrt searching at bottn of table 

iany iore entries? 

}yes 

ffla3 nste not found 



It: 



31 : 
4«E 



+t 



CHP 
BNE 
CMP 
6NE 
MOV 
SEM 
CLV 
RTS 

TST 
TST 
BR 



(R2)l>9tTBLTDP tdoes first word of n3te istch? 

3t irw 

(R2)+»eiTBLT0Pt2fsecDnd word istch? 

4( rno 

(R2)ffR4 idet value 

ishou this is a user defined suibol 
iand that is has a v3lue 

PC 



(R2)t 
(R2)+ 
2J 



radvance to next entry 



132737 000002 007330 

001013 

013702 007462 

020227 007320 

103006 

026201 000004 

001404 

062702 000006 

000767 

000270 
000207 



HAT5YM latches the nuiber in Rl to syibol valuesr starting with the tost 
recently defined. Returns a pointer in R2 if Htched. Returns N set if 
no latcht 



HATSYH;;BITS *F.ABS>MTHPM0D iabsolute Mde? 



2«: 



4$: 



i«: 
31 ; 



B((e 

MOV 

CMP 

BHIS 

CMP 

BEQ 

ADD 

BR 

SEN 
RTS 



1$ 

MTBLB0TfR2 

R2f*TBLT0P 

li 

4(R2).R1 

3» 

*6iR2 

2« 



PC 



ryesr indicate no latch 

t^et bottoi of table 

S3ny iore entries? 

inc 

tdo ue h3ve a iBtch? 

fses 

1^0 to next n3ie 
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1 
2 
3 
4 

5 15U74 

6 151702 

7 JS17W 
e 151710 

9 

10 151712 

11 1S1716 

12 151722 

13 151726 
14 

15 
16 
17 
18 
19 

20 151730 

21 151736 

22 151744 

23 151750 

24 151754 

25 151760 

26 151764 

27 151770 

28 151774 
2? 152000 

30 152004 

31 152006 

32 152012 

33 152016 

34 152020 

35 152024 

36 152026 

37 152032 

38 152036 
39 

40 
41 
42 
43 

44 152040 

45 152044 

46 152052 

47 152056 

48 152062 
4? 152064 

50 152070 

51 152072 

52 152076 
53 

54 152102 

55 152106 

56 152U2 

57 152116 



H+ 



DELSYH deletes the svibol table entry just below R2. 



042737 
020237 
101001 
000207 

016242 
016242 
016242 
000765 



OM006 007462 iielsyh::ad[i 



112737 
012737 
004767 
013702 
004767 
010237 
162702 
004767 
012700 
004767 
010401 
004767 
105337 
001352 
013704 
001404 
004767 
000167 
000207 



007462 



177770 
177770 
177770 



016746 
042767 
013702 
020227 
103003 
004767 
000772 
012667 
000167 

004767 
004767 
012700 
004767 



000011 007340 

156142 007334 

161554 

007334 

162014 

007334 

156146 

173674 

020075 

161524 

003064 
007340 

007754 

0032U 
003056 



2»; 



U! 



iH 



CMP 
BHI 
RTS 

m 

HOV 
HOV 
BR 



»6i?»TBLB0T 

R2)HTK,B0T 

1» 

PC 

-10(R2)r-(R2) 
-10(R2)--(R2) 

-10(R2)t-(R2) 
2« 



idone set? 

iwi love UP all lower entries 



dove three words for each eritry 



TYPREG types the contents of registers RO through PS and the watchpomt 
address awl contents if the address is fM3t zero. 



TYPREGJIfiOVS 
It! JSR 

mv 

JSR 

HOV 

SUB 

JSR 

KOV 

JSR 

HDV 

JSR 

BECB 

BNE 

MOV 

m 

JSR 
JMP 

2J: RTS 



*9.»?»C0UNT1 

IBS?«S.«ftDVABR 

PCiCRLF 

NADVADRrR2 

PE.PRIHT2 

R2>»ADUADR 

IIISYHSI4tR2 

PCfPBSVAL 

♦400I040+075.RO 

PC.CHROUT 

R4iRl 

PCJYPNfil 

9ICDUNT1 

It 

e«tUATCHfR4 

2t 

PCjTYPADR 
TYPLOl 
PC 



fcount 9 registers 
iborroH ABVADR S5 a pointer 
istart a new line 

ftype na»e of register 

i^o back to register naie 
tSet contents af reaisier 
ftape = <SF'3ce> 

iset register coritents 

Hype nuiericaUs 



r^et uatchpoint address 
fwatchpotnt not set 
itap-e Matchfoint address 
ftupe in current Bode 



;+t 



TYPTBL types the eritire user sstbal table. 



035264 TYPTBL :; NOV 

000200 035256 6IC 

W7462 MOV 

007320 71 : WP 

BHIS 

000012 JSR 

BR 

035232 It! MOV 

171502 JMP 

161416 typsth:;jsr 

161662 JSR 

020075 MOV 

161406 JSR 



TMPHOD--(SP) 

♦F.BYTN-TMPMOD 

e»TBLB0T.R2 

R2»«rBLT0P 

It 

PCfTYPSYM 

7t 

<SP)+»TMP«0B 

CMDN5 



Tiake saibols shou up in word lode 

! 

tstart at the bottoi of the table 

idooe aet? 

iyes 

Itype the naiie and value of one suibol 

rput back to watever Bode it uas in 
r^et next couand 



PCtCRLF istart a neu line 

PC>PRINT2 ttape saibal naie 

♦40O»040+O75jR0 itape = <5P3ee> 
PCfCHROUT 
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59 152122 012201 

59 152124 000167 002746 



MOV (R2)tfRl f^et value 

JMP TrPNMl ttape it nutencally 
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1 

2 




3 




4 152130 


050405 


5 152132 

6 

7 152134 


000207 


005104 


8 152136 


040405 


9 152140 


000207 


10 




11 152142 


010500 


12 152144 


005005 


13 152146 


060005 


14 152150 


077402 


15 152152 


000207 


16 




17 152154 


060405 


18 152156 


000207 


1? 




20 152160 


160405 


21 152162 


000207 


22 




23 152164 


005000 


24 152166 


005704 


25 152170 


001403 


26 152172 


005200 


27 152174 


160405 


28 152176 


103375 


29 152200 


010005 


30 152202 


005305 


31 152204 


000207 



■SfTTL Arithietic Routines 



logor:: 


; BIS 


R4.R5 




RTS 


PC 


LO&AMDI 


i:coM 


R4 




BIC 


R4>R5 




RTS 


PC 


MULTIPl 


::mdv 


R5rR0 




CLR 


R5 


u: 


ADD 


R0»R5 




SOB 


R4>1« 




RTS 


PC 


addit:: 


: ADD 


R4tR5 




RTS 


PC 


sobtr; : 


: SUB 


R4iR5 




RTS 


PC 


divid:; 


: CLR 


RO 




TST 


R4 




BEQ 


2$ 


n\ 


INC 


RO 




SUB 


R4rR5 




BCC 


1$ 


2%\ 


MOV 


R0.R5 




DEC 


R5 




RTS 


PC 



fMke a copy of first factor 
fclear sccuiulalor 
>«uUipl!J by successive addition 
Jcount do«n second factor 



linitialize Quotient 

rare we dividing by zero? 

Jyesi return 17777? 

lincretent Quotient 

;tru subtracting divisor fros dividend 

Tsuccessfult no uriderflon 

rreplace accutulator with Quotient 

fadJust for excessive incretent of RO 
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1 

2 

3 

4 

5 

6 

7 

8 

9 152206 
10 152210 
U 152214 

12 152216 

13 152220 

14 152224 

15 152232 
\& 152234 

17 152240 

18 152244 

19 152250 

20 152252 

21 152254 

22 152260 

23 152264 

24 152272 
25 

26 152276 

27 1523W 
2fl 152302 

29 152304 

30 152306 

31 152310 

32 152312 

33 152314 

34 152316 

35 152320 
36 

37 

38 152322 

39 152326 

40 152330 

41 152332 

42 152336 

43 152342 

44 152344 

45 152346 

46 152350 
4? 152354 
48 152356 
49 

50 152360 

51 152362 
52 

53 

54 152364 

55 152370 

56 152372 

57 152400 



JH 



•SBTTL Instruction Encode/Decode Routines 

CETIKS takes sn index to a irpeionic in fi2t and the ine»pnic's base value 
in R4. It pars«s anu needed operands and stores the resulting code at the 
current address. 



010446 

004767 002310 

006202 

00A202 

010437 007336 

142737 OOOCIO 007324 

012624 

010437 007334 

105037 007342 

116201 156034 

006201 

006201 

042701 177741 

004771 152276 

013737 007334 007756 

000167 171314 

153172 
143164 
152770 
1S3152 
153024 
152724 
153016 
1S3006 
152714 
153102 



004767 173122 

100414 

103413 

004767 161050 

020227 000040 

103006 

006202 

006202 

040237 007342 

000250 

000207 

000270 
000207 



120027 000100 

001005 

062737 OOOOIO 007342 

004767 161022 



BETIHSUHW 
JSR 

ASR 

mi 

SICB 

HOV 

HOI/ 

CLRB 

HOVB 

ASR 

m 

BIC 
JSR 

nog 
j»p 



R4»-(SP) Jsave the base opcode value 

PCfADRCHl rcheck that it's even and In user RAH 

R2 fiake a b»te index 

R2 ffar the PARAHS table 

R4iMSAVEXP Have opcode address here 

IF.Sftyit.MLINfLGJprevent interfereftce «ith nor«l use of smx? 



(SP)li(R4)+ 

R4r?*ADVADR 

94H0DE 

PARAMS(R2)TRi 

Rl 

RI 

♦177741, Rl 

PCr9INSDSP(Rl) 



istore base opcode value 

ifirst operand address 

i initialize addressins lode scratch 

!get forsat code 

ftake a word index 



rftask out the aarba^e 

iaet appropriate operand seouence 

eiADVADftteKAODRiuPdate current address 

CSHIIH frecover next character, parse next cowand 



insdsp: .udrd concdd 

.uqrd cnqn2 

.wrd insdon 

,Vim EHTRAP 

.WORD BRBISP 

.UDRD REGDST 

.UORB OPRAND 

.WORD SRCDST 

.HORD RTSREG 

.WORD samp 



100 leans decode condition codes 

rOl Hans not an instruction 

;02 leans no psraieters 

}03 leans NNK for EHT and TRAP 

f04 leans 8-bit branch displaceient 

;05 leans RfDD for JSR and XOR 

;06 leans SS or SD 

;07 leans SS,DD 

flO leans R for RT5 

;il leans R,KN for SOB 



.ENABL LSB 



GCTREGItJSR 
BHI 
BCS 
JSR 
CHP 
BHIS 
ASR 
ASR 
ADD 
CLN 
RTS 



PZiQimn 
3$ 

3* 

PCGETLCH 

R2fMSlfHPS-DSyMS;is it RO through PC? 



sparse a s>jibalic naie 
?user defined naiei error 
Unstruction ineionic, error 
i3et next character in RO 



3«! 



SEN 
RTS 



fulopr:!Chpb 

SNE 
ADD 
JSR 



3« 
R2 
R2 
R2fP«0D£ 

PC 



PC 



RO,»iOO 

«10,MHODE 
PC»(STNXT 



,no» error 

;^et register nuiber 

(put it in bottoi 3 bits of addressing lode 



*is first character 8? 

ino 

fsesi deferred lode 

fset character after 9 
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58 152404 


004767 


001672 


5*: 


JSR 


PCjRADCH 


59 152410 


100407 






m 


6( 


40 152412 


010046 






HOV 


ROt-(SP) 


61 132414 


010346 






MV 


R3,-<SP) 


62 152416 


004767 


177700 




JSR 


PC»6ETREG 


63 152422 


100044 






BPL 


7» 


64 152424 


012603 






m 


(SP)+.R3 


65 152426 


012600 






HOV 


(SP)+iRO 


66 152430 


120027 


000050 


&»: 


CHPB 


R0rt050 


67 152434 


001445 






BEO 


4t 


68 152436 


120027 


000055 




CHPB 


R0rt055 


69 152442 


001011 






m 


9% 


70 152444 


010346 






HOV 


R3»-(SP) 


71 152446 


004767 


160754 




jsi; 


PCfGETNXT 


72 152452 


120027 


000050 




C)tfB 


R0.#050 


73 152456 


001430 






BEQ 


10( 


74 152460 


012603 






HOV 


(SP)4.R3 


75 152462 


012700 


000055 




HOV 


♦055 fRO 


76 152466 


120027 


000043 


9«: 


Zfft 


R0f»043 


77 152472 


001454 






BEQ 


lit 


78 152474 


004767 


000142 




JSR 


PCfGETARG 


79 152500 


062737 


000060 007342 




ADO 


*60re4H0DE 


80 152506 


120027 


000050 




C«PB 


R0.»050 


81 152512 


001421 






BEQ 


12« 


82 152514 


013704 


007334 




HOV 


?»A[tVADRtR4 


83 152520 


163744 


007334 




SUB 


e4ADVADRr-(R4 


84 152524 


062737 


000007 007342 




ADD 


tD7>HH0DE 


85 152532 

86 

B7 152534 


000207 






RTS 


PC 


022626 




7$: 


CMP 


(SP)4f(SP)+ 


88 152536 

89 

90 152540 


000207 






RTS 


PC 


062737 


000030 007342 


lot: 


ADD 


f30fHH0DE 


91 152546 


005726 






TST 


(SP)t 


92 152550 


062737 


000010 007342 


41! 


ADD 


tlOtetKODE 


93 152556 


004767 


160644 


12$: 


JSR 


PC.GEINXT 


94 152562 


004767 


177534 




JSR 


PCfGETREG 


95 152566 


100501 






m 


2» 


96 152570 


120027 


000051 




CHPB 


R0>t051 


97 152574 


001076 






m 


2$ 


98 152576 


004767 


160624 




JSR 


PCrGETHXT 


99 152602 


120027 


000053 




CHPB 


fi0;4053 


100 152606 


001005 






EN£ 


B% 


101 152610 


062737 


000010 007342 




ADD 


»10.e»HOBE 


102 152616 


004747 


160604 




JSR 


PCjGETNXT 


103 152622 


000207 




8(1 


RTS 


PC 


104 












105 152624 


062737 


000027 007342 


lU! 


ADD 


*27>»H0IIE 


106 152632 


004767 


160570 




JSR 


PCfGETNXT 


107 152636 


000167 


000000 




JHP 


GETARG 


108 












109 152642 


004767 


171654 


GETARB; 


;:jsr 


PCjGETEXP 


110 152646 


013704 


007334 




HOV 


»ABVADR»R4 


111 152652 


004767 


001652 




JSR 


PC»AI!RCH2 


112 152656 


010514 






m 


RSieR4 


113 152660 


062737 


000002 007334 




ADD 


t2Te>ADVADR 


114 152666 


000207 






RTS 


PC 



fii3ht it be a register naie? 

inof definitely not a register 

J55Ve character 

(Save running pointer 

iand try to ^et a register nsfte 

Jsuccessfulj tode or 1 

i restore running pointer 

fpestore character in RO 

;is it (? 

fves' iode 1* 2r or 3 

(is next character -? 

rno definitely not autodecreient 

isave running pointer 

fSet character after - 

iis it t? 

iyesr lode 4 or 5 

(restore funnins pointer 

frestore - in RO 

;is it *f 

iyes* do inediate and absolute 

Idet an index or relative address 

rindexed addressing bode 

iis it an index? 

ryes 

iSet next operand address 

fiske this operand a PC relative address 

iiipUcit PC reference 



Idiscard saved character and running pointer 
r return iode or 1 

rfor -i> add 40 total to addressing node 

tdiscard saved running pointer 

ifor (f add 10 to addressing ude 

fSet character after ( 

ishould be a register n3»e 

inot a register nsMt error 

rshoulfl be followed by ) 

inof error 

iset character after ) 

Us it +? 

inOf done 

•tods 2 or 3 

(Set character after } 



liiiediater absolute are lodes 2 and 3 with PC 

;aet character after * 

fstore iiiediate data or absolute address 

iaet an ar^uient in R5 

iael address of operand 

icheck that wt are still in user RAH 

fstore arS'juent at operand address 

Uncretent address 
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115 






116 






117 152670 


120027 


000054 


118 152674 


001036 




119 152676 


004767 


000042 


120 152702 


004767 


160520 


121 152706 


105037 


007342 


122 152712 


000207 




123 






124 152714 


004767 


177402 


125 152720 


100424 




126 152722 


000416 




127 






128 152724 


004767 


177372 


129 152730 


100420 




130 152732 


004767 


177732 


131 152736 


004767 


177422 


132 152742 


000406 




133 






134 152744 


113701 


007342 


135 152750 


000301 




136 152752 


006201 




137 152754 


006201 




138 152756 


000402 




139 






140 152760 


113701 


007342 


141 152764 


060177 


034346 


142 






143 152770 


000207 




144 






145 152772 


000167 


170166 


146 






147 152776 


012702 


153266 


148 153002 


000167 


170204 


149 






150 153006 


004767 


177352 


151 153012 


004767 


177652 


152 153016 


004767 


177342 


153 153022 


000756 




154 






155 






156 153024 


004767 


171472 


157 153030 


106437 


007326 


158 153034 


001402 




159 153036 


013705 


007756 


160 153042 


163705 


007334 


161 153046 


006205 




162 153050 


032705 


177600 


163 153054 


001405 




164 153056 


005105 




165 153060 


032705 


177600 


166 153064 


001344 




167 153066 


005105 




168 153070 


042705 


177400 


169 153074 


060577 


034236 


170 153100 


000207 




171 







COhACKI 


1 CHPB 


R0r»054 




m 


2t 




JSR 


PCflNSBNl 




JSR 


PCGETNXT 




CLR8 


9tHQDE 




RTS 


PC 


RTSREGI 


IJJSR 


PCtKTREG 




Nil 


2( 




BR 


INSDK2 


REGDST! 


::jsr 


PCjGETREG 




m 


2« 




JSR 


PCfCQHACH 




JSR 


PCffUlOPR 




BR 


1NSDN2 


INSDNi; 


: nm 


»MODErRl 




SHA6 


Rl 




ftSR 


Rl 




m 


Rl 




BR 


1« 


IHSIIN2: 


NOVB 


eiKODEiRl 


it: 


m 


RifKAVEXP 


IHSDONl 


RTS 


PC 


2i! 


J«P 


CN0N2 


20t: 


m 


«BRANCK>R2 




JHP 


ERROR 


srcdst; 


IJSR 


PCtFULOPR 




JSR 


PCfCQM(«;H 


dprmd; 


:jsr 


PCiFULOPR 




BR 


INSDM2 


brdisp::jsr 


PCjGETEXP 




HTPS 


etCURCOH 




BEQ 


14J 




WV 


»(ADDRfR5 


14$ 1 


SUB 


»ADMADRiR5 




ftSR 


R5 




BIT 


#177600 jR5 




SEQ 


13t 




COM 


R5 




BIT 


♦177600. R5 




BNE 


20» 




COM 


R5 


i3i: 


BIC 


♦1774001 R5 




ADD 


RSieSAVEXP 




RTS 


PC 



fis first operand foUoued b» a coiia? 

fnoi error 

i store first operand lode 

T^et character after coma 



T^et 3 register nuiber 
ierrorf riot a register nswe 
iadd it to opcode 

l^et a register nuiber 
ierrort not a register naie 
Tcheck for cous betueerr operands 
fSet a full operand 



f^et addressing lode bits 
Jshift it 6 bits to the left 



f^et addressing aode bits 
isdd the* to opcode 



rpoint to branch error lessa^e 



iset first operand 

Jcheck for cqms between operands 
rdet second operand 
(store second operand iiode 



JSet branch destination 

idid expression contain undefined 5«bols' 

imt no problei 

iyesi take instruction 'BR .' so no ranse error 

iiake it relative 

Jiake it a word offset 

Jdoes upper bute latch bit 7'' 

fyes 



!no» branch range error 

'■ake it an 8-bit nuiber 
radd dtsplaceient to OP-code 
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172 153102 

173 1S3106 

174 153110 

175 153114 

176 153120 

177 153124 

178 153124 

179 153132 
IBO 153136 

181 153140 

182 153142 

183 1S3146 

184 153150 
185 

186 153152 

187 153156 

188 153162 

189 153164 
190 

191 153166 

192 153172 

193 153176 

194 153200 

195 153204 

196 153206 

197 153212 

198 153214 

199 153220 

200 153222 

201 153226 

202 153230 

203 153234 

204 153236 

205 153242 

206 153244 
207 

208 153250 

209 153254 

210 153260 

211 153262 

212 153264 
213 

214 

215 153266 

153274 
153302 

216 153304 



004767 
100731 
004767 
004767 
106437 
001402 
013705 
163705 
00A205 
005405 
032705 
001313 
000747 

004767 
032705 
001303 
000741 

004767 
120027 
001003 
052701 
000421 
120027 
001003 
052701 
000413 
120027 
001003 
052701 
000405 
120027 
001253 
052701 

004747 
120027 
001742 
005301 
000637 



007521 054000 

076417 022622 

017500 

000000 



177214 

1775S4 
171402 
007326 

007756 
007334 



177700 



171344 
177400 



160234 
000103 

000001 

000126 

000002 

000132 

000004 

000116 

000010 

160152 
000054 



sosdsp::jsr 

JSR 
JSR 
«TPS 
8EQ 
HOV 
21(: SUB 

m 

NE6 
BIT 

mi 

8R 

ENTRAP!: JSR 
BIT 
Wl 
BR 

19(: JSR 
CQNCODEICMPB 
BME 
BIS 
BR 
CHPB 
8N£ 
BIS 
BR 
C«PB 
6NE 
BIS 
BR 
CHPB 
6NE 
BIS 



16t: 



17i: 



i8f: 



15ti 



JSR 

CHPB 

BEO 

DEC 

BR 

.DSABL ISB 



PCfSETREG 
2« 

PCrCOhACH 

PC.GETEXP 

«tCURCOH 

21« 

e*«ADDRrR5 

etADVABR*R5 

R5 

R5 

•177700; R5 

20i 

131 

PC.GETEXP 

tl77400rR5 

2% 

13» 

PCrGETNXT 

R0f«103 

16< 

tl.Rl 

15» 

R0>*126 

17$ 

«2r(tl 

I5« 

R0Ttl32 

18< 

«4rRl 

15* 

R0rtll6 

2* 
•lOfRl 

PC.GETNXT 

R0f«054 

19$ 

ftl 

IJ 



fSet register 

terrori not 3 resister nate 

fcheck for cous between operands 

idid expres5ion contain undefined ssibols? 
ino) no problei 

Jyesf hake instruction 'BR .' so no ranae error 
ri3ke it relative 

rSOB instruction uses negated displsceunt 
*6-bit displ3ce»ent 
iran^e or direction error 



iset trap nuiber 
fShould be <256. 
;>255.t error 



f^et character after cowa 

;R1 lusl be when entering — is it C? 

iset C bit 

lis it U? 

{set V bit 

fis it I? 

fset 2 bit 

iis it N? 

inor illegal character 

fset N bit 

iset next character 

iis it a cons? 

>>jesf set soie tore 

fCDipensate for opcode base value = 241 or 261 

ladd condition bits to opcode 



001155 
004167 



BRAMCH! .RAD50 /BRANCH OUT DF RANGE/ 



.UQRB 
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1 

2 
3 

5 

6 153306 


011405 




7 153310 


010500 




8 153312 


006300 




9 153314 


006300 




10 153316 


000300 




U 153320 


042700 


177700 


12 153324 


110037 


007342 


13 153330 


005705 




14 153332 


100027 




15 153334 


042705 


100000 


U 153340 


004767 


000130 


17 153344 


006202 




18 153346 


105762 


156034 


19 153352 


100017 




20 153354 


006302 




21 153356 


012405 




22 153360 


010246 




23 153362 


006302 




24 153364 


062702 


156502 


25 153370 


011201 




26 153372 


004767 


160406 


27 153376 


012602 




28 153400 


012701 


006200 


29 153404 


004767 


160374 


30 153410 


000412 




31 






32 153412 


012405 




33 153414 


004767 


000054 


34 153420 


010246 




35 153422 


006302 




36 153424 


062702 


156502 


37 153430 


004767 


160340 


38 153434 


012602 




39 153436 


012700 


OOOOll 


40 153442 


004767 


160062 


H 153446 


0062C2 




42 153450 


1U201 


156034 


43 153454 


006201 




44 153456 


006201 




45 153460 


042701 


177741 


46 153164 


004771 


153514 


47 153470 


000167 


001554 


48 






49 153474 


012702 


000212 


50 153500 


020562 


155620 


51 153504 


103002 




52 153506 


005742 




53 153510 


000773 




54 153512 


000207 




55 






56 153514 


154132 




57 153516 


153540 





;h 



TTPINS decodes the instruction at address R4 and tapes it followed on the 
next line b» the ne>!t address. 



typihs:;mov 


eR4iR5 


fset opcode 


HOV 


RSfRO 




ASL 


R0 


fSet bits 6 through 13 


ASL 


RO 




SUAS 


RO 




BIC 


*1777OOtR0 




HOVB 


ROf^tNODE 


1 store thei here for operand di 


Tsr 


R5 




BPL 


5t 


inot 3 bate kode instruction 


BIC 


*100000fR5 


Ifirst see if it's a bale aode 


JSR 


pciii 


f latch to table 1 3et index 


ASR 


R2 




TSTB 


PARAKS(R2) 




BPL 


51 


!not btrfte Hdep do it noriall^ 


ASL 


R2 


I restore R2 


NOV 


(R4)tjR5 


ttix R4i restore R5 


m 


R2t-iSP> 


isave index 


ASL 


R2 


rftake index to ftneionic 


ADD 


«HNEH5)R2 




nov 


9R2rRl 


i3et 3 chracter kneionic 


JSR 


PC-PRIHTl 


HifPe it 


NOV 


(SP)+»R2 


(restore R2 


HOV 


«50t50t2iRl 


Hype B <SP> <SP> 


JSR 


PCfPRINTl 




BR 


6$ 




5$: NOV 


(R4)+iR5 


fSet opco<fe 


JSR 


PCfll 


iiatch to table 


NOV 


R2f-(SP} 


fsave index 


ASL 


R2 


iidke inde>: to ineitonic 


A9D 


♦NNEK^R? 




JSR 


PCfPRINT2 


Uvpe tneionic 


NOV 


(SP)+,R2 


rSet index back 


61 ; HOV 


♦OlhRO 


ftype <t3b> 


JSR 


PCrCHROUT 




ASR 


R2 


riake bate instruction inde;: 


HOVB 


PARAHS(R2>tRl 


fset foriat code 


ASR 


Rl 




ASR 


Rl 




BIC 


*177741jR1 


riask out the ssrba^e 


jSft 


PC»HKTDSP(R1) 


ftype operands 


J«P 


TYPAM 


Hape next address and a tab 


UI HOV 


♦PARAMS-BASES-2.R2 f index last base value 


i%\ CNP 


R5> BASES (R2) 


Icoipare opcode to base value 


BHIS 


4« 


ftatch 


TST 


-(R2) 


rkeep looking 


BR 


3$ 




4$: RTS 


PC 





iktdsp: .«drd tcokcb 

.UDRIi NOPCDD 



fCVZN 

rl6 bit valuej not an opcode 



A-86 



T-n Evaluation Hodule Monitor HACRO yOS.OO 
Irtslrgctton Encotie/DKode Routines 



Sundaa 13-Haf-83 O4U0 Prte 50-1 



58 153520 


153564 






.WORK 


INTDON 


ino operands 


59 153522 


153722 






.UffltD 


TEMTRP 


JEMT anrj TRAP 


60 153524 


153734 






.WORD 


TBRDSP 


f8-bit displaceienl 


61 153526 


153574 






.((ORD 


TRGlrST 


tR>Df) 


62 153530 


153554 






.UDRIl 


TOPRNB 


iSS or DP 


63 153532 


153544 






.WORD 


TSRBST 


;SSfDD 


64 153534 


153566 






.UORD 


TRTSR6 


;r 


65 153536 


153676 






.UORD 


TSOBDS 


»6-bil positive displacenerit 


&6 

67 








.ENABL 


LSB 




68 153540 


005744 




nopcod: 


:tst 


-(R4) 


tback UP to nutber 


69 153542 

70 

71 153544 


000553 






BR 


121 


rt^pe it as data 


004767 


000200 


tsrdst: 


:jsr 


PC.TFULOP 


itype an operand 


72 153550 


004767 


000026 


13«; 


JSR 


PCJCOHHA 


itvpe coata 


73 153554 


004767 


000102 


toprhd; 


:js« 


PCBETDST 


(aet bits through 5 of opcode 


74 153560 


004767 


000164 




JSR 


PC.TFULOP 


ftype operand 


75 153564 

76 

77 153566 


000207 




intdon: 


RTS 


PC 




004767 


000070 


trtsrg: 


:jsr 


PCfGETDST 




78 153572 

79 

80 153574 


000421 






BR 


TRESIS 


Itype register naae 


004767 


000036 


trgust: 


;jsR 


PC.TREGIS 


Hype register 


81 153600 

82 

B3 153602 


000763 






DR 


13» 


riup? coMa and second operand 


012700 


000054 


tcohna: 


m 


♦054 iRO 




84 153606 

85 

86 153612 


000167 


157716 




M 


CHROUT 




012700 


000050 


TPREUi; 


mv 


♦OSOfRO 


itspe ( 


87 153616 


004767 


157706 




JSR 


PC, CHROUT 




8B 153622 


004767 


000010 




JSR 


PCTREGIS 


itype register naie 


89 153626 


012700 


000051 




Hoy 


»051fRO 




90 153633 

91 

92 153636 


000167 


157672 




M 


CHROUT 




113700 


007342 


tresis: 


:hovb 


9#HODErR0 


l^et bits throush 2 


93 153642 


042700 


177770 




BIG 


»177770»RO 




94 153646 


006300 






ASL 


RO 


; index register naie 


95 153650 


006300 






ASL 


RO 




96 153652 


016001 


156142 




m 


DSY«S(R01.R1 


iaet RADSO triplet 


97 153656 

98 

99 153662 


000167 


160126 




w 


PRINr4 


ftape it 


110537 


007342 


getdst: 


nmi 


R5fe*H0DE 




100 153466 


142737 


000300 


007342 


BIC& 


t300)»H0[)E 




IW 153674 


000207 




lie 


RTS 


PC 




102 














103 155676 


004767 


177734 


TSOBDS: 


!JSR 


PC.TRECIS 


Hype register nsie 


104 153702 


004767 


177674 




JSR 


PC.TCOMHA 


Hype cofeia 


105 153706 


010501 






)10V 


R5tR1 


last lower 6 bits 


106 153710 


042701 


177700 




BIC 


»177700iRl 




107 153714 


006301 






A5L 


Rl 


r»ake it a byte displacetent 


108 153716 


005401 






NEG 


Rl 




109 153720 


000407 






BR 


6( 




110 














111 153722 


010501 




TEHTRPJ 


'.m 


R5fRl 


Iaet louer 6 bits without si^ 


112 153724 


042701 


177400 




BIC 


*177400,R1 




\n 153730 


005744 






TST 


-(R4) 


;TYPL02 will advance R4 


114 153732 


000404 






BR 


7» 
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115 
















116 153734 


110501 




TBRDSP; 


:!MOVB 


R5tRl 


!3et lower 8 bits with sidn extend 




117 15373i 


006301 






ASL 


Rl 


iaake it a bijte displaceient 




118 153740 


060401 




6»: 


ADD 


R4iRl 


fadd in the 'PC* 




119 153742 


005744 






TST 


-(R4) 


;TYPL02 will advance R4 




120 153744 


000167 


001162 


7»! 


JHP 


TYPL02 


ptwe this value 




121 
















122 153750 


113702 


007342 


tfulop: 


IJHOVB 


e4H0DE«R2 


i addressing tode scratch 




123 153754 


032702 


ooooto 




BIT 


*10iR2 


! defer red? 




124 153760 


001404 






SEQ 


1« 


rno 




125 1537A2 


012700 


000100 




HOV 


noOfRO 


Hype 9 




126 153766 


004767 


157536 




JSR 


PC-CHROUT 






127 153772 


120227 


000020 


1<! 


CHPB 


R2,t20 


liode or 1? 




128 153776 


103717 






BLD 


TRE6IS 


fuesF Just tape reaister naie 




129 154000 


120227 


000060 




C«PB 


R2r*60 


fiode 6 or 7? 




130 154004 


103034 






BHIS 


2% 


jvest inde>;ed 




131 154006 


120227 


000027 




CKPB 


R2-*27 


lined late? 




132 154012 


001423 






BEQ 


3» 


ives 




133 154014 


120327 


000037 




CKPB 


R2»»37 


fsbsolute? 




134 154020 


001420 






BEQ 


3« 


!yes 




135 154022 


12022? 


000040 




CHP8 


R2-#40 


i autodecreient? 




136 154026 


103404 






BLO 


4< 


iriD 




137 I54O30 


012700 


000055 




Moy 


M55.ro 


ttypB - 




138 154034 


00476? 


157470 




JSR 


PCfCHROUT 






139 154040 


004767 


177546 


4<: 


JSR 


PCfTPREG 


flype reaister naw in parenthesis 




140 154044 


120227 


000040 




CMPB 


R2»*40 


fautoincreient? 




141 154050 


103245 






BHIS 


IMTMN 


(nof finished 




142 154052 


012700 


000053 




MOV 


#053, RO 


(type + 




143 154056 


000167 


157446 




JNP 


CHROUT 






144 
















145 154062 


012700 


000043 


3*; 


HOV 


»O43,R0 


itwe * 




146 154066 


004767 


157436 




JSR 


PC F CHROUT 






147 154072 


000167 


001016 


i2»; 


JMP 


TYPLOl 


ftype ne>it location 




148 
















149 154976 


120227 


000067 


2*: 


CMPB 


R2f#67 


(relative? 




150 154102 


001406 






BEO 


5t 


ryes 




151 154104 


120227 


000077 




CHPB 


R2.*77 


irelative deferred? 




152 154110 


001403 






BEQ 


5» 


iyes 




153 154112 


004767 


000776 




JSR 


PC.TYRIOI 


Hspe nPKt location 




154 154116 


000635 






BR 


TPREG 


(tape reSister naie in parenthesis 




155 
















156 154120 


012401 




5t: 


HDV 


(R4)+.R1 


»3et next location 




157 154122 


060401 






ADD 


R4,R1 


(add in the 'f'C 




158 154124 


005744 






TST 


-(R4) 


iTYPL02 will increment R4i don't do i 


t no« 


159 154126 


000167 


001000 




JflP 


TYPL02 


(type the value 




160 
















161 154132 


010501 




tcdncd; 


i:mov 


RSiRl 


(Set opcode 




162 154134 


006201 






A5R 


Rt 


iC bit set' 




163 154136 


103004 






BCC 


8* 


(no 




164 1S4140 


012700 


000103 




HOV 


♦103.RO 


(type C 




165 154144 


004767 


157360 




JSR 


PCfCHRQUT 






166 154150 


006201 




81 : 


ASR 


RI 


iV bit set? 




167 154152 


IO30O4 






BCC 


91 






168 154154 


012700 


000126 




m 


*126,R0 






169 154160 


004767 


157344 




JSR 


PC (CHROUT 






170 154164 


006201 




9«t 


ASR 


RI 


iZ bit set? 




171 154166 


103004 






BCC 


10$ 
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172 15«70 


012700 


000132 


173 154174 


004767 


157330 


174 154200 


006201 




175 154202 


103234 




I7i 154204 


012700 


000116 


177 154210 


000167 


157314 



178 



MOU 


tl32>RD 




JSR 


PCfCHROUT 




ASR 


Rl 


;N bit set? 


BCC 


Hi 




MOV 


»li6fR0 




JMP 


CHRDUT 




.DSABL 


LSB 
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1 
2 

3 
4 

5 

h 

7 

B 1542H 

9 154214 
10 154220 
U 154224 

12 154226 

13 154230 

14 154234 

15 154234 

16 154240 

17 154242 

18 154241 

19 154244 

20 154252 
21 

22 

23 154254 

24 154254 

25 154260 

26 154264 

27 154266 

28 154270 

29 154274 

30 154300 
31 

32 
33 
34 
35 
36 

37 154302 

38 154304 

39 154310 

40 154314 

41 154314 

42 154322 

43 154324 

44 154330 

45 154332 
44 154334 

47 154340 

48 154344 

49 154344 

50 154350 

51 154352 

52 154354 
53 



;h 



005000 
005200 
162701 
103374 
005300 
042701 
004301 
010146 
004301 
004301 
042401 
062700 
000207 



005000 
005200 
142701 
103374 
005300 
062701 
042700 
000207 



120027 
103017 
120027 
103014 
120027 
103011 
120027 
103010 
120027 
001405 
120027 
001402 
000270 
000207 
000250 
000207 



.SSTTL Conversion and Typeout Routines 

BINASC strips the thousands disit frcn the value in Rl and lultiplies Rl 
by 10. Use FINASl to set the 10000. s disit, 



001750 



001750 



000060 



023420 



023420 
000040 



BINASC;:CLR 


RO 


jdivide by successive subtraction 


liJ IWC 


(to 




SUB 


tlOOO.rRl 


Itry to subtract 1000. 


BCC 


It 


ruorkedr no borrow 


DEC 


RO 


ifix RO 


ADD 


41000. -Rl 


(and Rl 


ASL 


Rl 


itultiplu Rl by 10 


KOV 


Rlf-(SP) 




ASL 


Rl 




ASL 


Rl 


itiies 8 


ADD 


(SP)+iRl 


;plus 2 takes 10 X 


ADD 


»060iRO 


•add 040 to lake it an ASCII di^it 


RTS 


PC 




BINASi;;CLR 


RO 


►divide b» successive subtraction 


1«: INC 


RO 




SUB 


♦lOOOO.iRl 


iUv to subtract 10000. 


BCC 


It 


ruorkedr no borrow 


DEC 


RO 


jfix RO 


ADD 


tlOOOO.fRl 


iand Rl 


ADD 


*040fRO 


Itake an ASCII disit 


RTS 


PC 





++ 



000133 
000101 
000072 
000040 

000056 
000044 



RADCH ctwcks if the character in RO is a le^al RAD50 character. Returns 
«=1 if not. 



ihiaber than Z? 
(A or hisher? 
;; or higher? 
iO or hiSher? 

I period? 
fdollar sian? 



radch: 


: CHPB 


R0ftl33 




BHIS 


2t 




CHPF 


ROiMOl 




BHIS 


It 




CMPB 


R0tM72 




BHIS 


2t 




CURB 


R0.*06O 




BHIS 


It 




CHPB 


R0'>056 




BED 


It 




CMPB 


RO»*044 




BEQ 


It 


2t: 


SEN 






RTS 


PC 


It: 


CLN 






RTS 


PC 
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1 

T 

3 
4 
5 
6 
7 

8 154356 

9 154362 

10 154364 

11 154370 

12 154372 

13 154376 

14 154400 

15 154402 

16 154404 

17 154406 

18 154410 

19 154412 

20 154414 
21 

22 
23 
24 
25 

26 1S44U 

27 154422 

28 154426 

29 154430 

30 154434 

31 IS4436 

32 154442 

33 154444 

34 154446 

35 154452 

36 154456 

37 154460 

38 1S4464 
39 

40 154466 

41 154470 

42 154474 
43 

44 

45 154476 
154504 

46 154510 
47 

48 154M2 
154520 

49 154S22 



+t 



120027 000060 

103413 

120027 000072 

103010 

120027 000070 

103002 

000257 

000207 

000257 

000262 

000207 

000270 

000207 



MUMCH checks if the character in RO is nuwric and returns flass as foUottsl 
N=0( V=0 character is throush 7 
N=Of V=l character is 8 or 9 
N=l any other character 



iis it or hiaher? 
fnof non-nu»eric 
iis it hisher than 9? 
fWSr non-nmeric 
iis it hi^r than 7? 
iwsr 8 or 9 
Jflaa throuah 7 



nukch: 


CHPB 


R0i4060 




BLO 


li 




CMPB 


ft0.»072 




WIS 


tl 




CMPB 


ft0t4070 




BHIS 


2» 




CCC 






RTS 


PC 


2<t 


CCC 
SEV 






RTS 


PC 


i%\ 


SEN 






RTS 


PC 



Iflafl 8 or 9 



+♦ 



ASCRAB BultiPliM Rl tw 40 and adds the RAD50 eauivalent of RO. 



004767 
120027 
001416 
120027 
001414 
12002? 
001412 
060001 
162701 
120027 
103002 
062701 
000207 



157500 
000040 

000056 

000044 



000100 
000101 

000056 



ASCRAD 


:jsr 


PCrRlX40 


^■ultiply Rl by 40 




CffPS 


I»fl040 






BEQ 


It 


j spaces converts to 




CHPB 


ft0it056 






BEO 


4$ 


iperiod is 34 




C«PB 


ROi«044 






BEQ 


5t 


idoUar si^ is 33 




ADD 


ROrRl 






SUB 


♦lOOtRI 






CHPB 


ROrtlOl 






BHIS 


1* 


ialphabetics are 1 th 




ADD 


*054rRl 


rmurics are 36 thro 


\%'. 


RTS 


PC 




4»; 


INC 


Rl 




5»: 


ADD 


«033*R1 






RTS 


PC 





005201 

062701 000033 

000207 



0547S4 000566 001533 USERAH! .RAD50 /NOT IN USER RAH/ 

021020 070265 

000000 -WORD 

057144 000054 015725 ODDADRI .RAD50 /ODD ABDRESS/ 

074670 

000000 .WORD 
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1 








ft+ 






2 










TYPICC ttf^es the value in Rl as a sianed* 5-diSit deciial 


3 
4 








; 


by a Per 


odi TYPBEl can be used to type unsigned nunbers. 


5 

6 154660 


012700 


000040 




T¥PDEC;:ftOV 


«040fR0 


7 154664 


005701 








TST 


Rl 


8 154666 


100003 








BPL 


1$ 


9 154670 


005401 








NEG 


Rl 


10 154672 


012700 


000055 






HOV 


♦055.ro 


U 154676 


004767 


156626 




u: 


JSR 


PCfCHROUT 


12 154702 


112737 


000005 


007341 




MOVE 


♦5feK0lWT2 


13 154710 


004767 


177340 






JSR 


pzthim&i 


14 154714 


000402 








BR 


3« 


15 154716 


004767 


177272 




5i: 


JSR 


PCfBINASC 


16 154722 


004767 


156602 




3i! 


JSR 


PCiCWDUT 


17 154726 


105337 


007341 






KCB 


9tC0UNT2 


18 154732 


001371 








m 


5( 


19 154734 


012700 


000056 






NOV 


*056»RO itspe 3 period 


20 154740 

21 

22 


000U7 


156564 






JHP 


CHRDUT 








iH 






23 
24 








; 


TYPBCT types Rl as an octal word. 


25 

26 154744 


005000 






TYPOCTJICLR 


RO 


27 154746 


032767 


000200 


032354 




BIT 


tF.BYTN.TMPMOU iis it in byte lode 


28 154754 


001407 








6E0 


1% Jbranch if yes 


29 154756 


112767 


000003 


032355 




MOVB 


l3tC0lWT2 rif bute ftode only three di3it$ 


30 154764 


000301 








SUAE 


Rl ionly low byte out 


31 154766 


006301 








ASl 


dl 


32 154770 


006100 








ftOL 


RO 


33 154772 


000411 








BR 


3* 


34 154774 


112767 


000006 


032337 


It: 


HOVB 


t6tC0U«T2 


35 155002 


000405 








BR 


3$ 


36 155004 


005000 






2$! 


CLR 


RO 


37 155006 


006301 








ASl 


Rl 


38 155010 


006100 








ROL 


RO 


39 155012 


006301 






4$: 


ASL 


Rl 


40 155014 


006100 








ROL 


RO 


41 155016 


006301 






2%'. 


ASL 


Rl 


42 155020 


006100 








ROL 


RO 


43 155022 


062700 


000060 






m 


*060»RO 


44 155026 


004767 


156476 






JSR 


PCfCHROUT 


45 155032 


105337 


007341 






DECB 


9tC0UNT2 


46 155036 


001362 








BNE 


2$ 


47 155040 


000207 








RTS 


PC 


48 














49 
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1 
2 
3 
4 

5 155042 

6 155050 

7 155052 
e 155056 
9 155062 

10 
II 
12 
13 
14 
15 

16 1S5064 

17 155070 

18 155072 
1? 155076 

20 
21 
22 
23 
24 
25 

26 155100 

27 155104 

28 155112 

29 155114 

30 155116 

31 155122 

32 155124 

33 155126 

34 155132 

35 155136 

36 155140 

37 155144 

38 155146 

39 155152 

40 15515,4 

41 155156 

42 155162 

43 155164 

44 155166 
45 

46 155170 

47 155172 

48 155176 

49 155200 
50 



j++ 



TYPSPC tapes s tabi except in instruction lode (lupe nothing) 



132737 000100 007330 TTPSPCi'.BITB ♦F.IMST-HTHPHOD 

001004 M£ It 

012700 004440 MOV #400»011+040»R0 ;sP3cei tab 

000167 156446 2$! JKP CKROUT 

000207 1${ RTS PC 



004767 174542 
100402 

000167 156676 
000722 



004767 
132737 
001026 
011401 
105737 
100003 
111401 
042701 
004767 
100403 
012700 
000402 
012700 
004710 
005204 
105737 
100401 
005204 
000207 



010546 

004767 176110 
012605 
000207 



177504 
000100 



007330 

177400 
174474 

133774 
155076 

007330 



007330 



;++ 



TYPMUH titpfs the value in Rl as a s»bol or nukbpr. 
TYPNKl tsfpes the value in ftl as a nuiber onlyi 



TYPNUKUJSR 


PCtMATSYM 


iir\i to Batch a svibol 


BNI 


TYPNMl 


f (^successful r twe nutericaUu 


JHP 


PRINT2 


relse iwe suibol's rtate 


TYPNNlltBR 


TYPOCT 





ft+ 



TYPLOC types the location addressed bu R4 in the current lode. R4 is advanced 
to the next location. TYPLOI can be used within instruction tvpeoutt 



TYPLOC i 


t:jSR 


PCiADRCHK 






BITB 


*F,IMSTtg#THPMII 




BNE 


TYPLOI 




TYPLOI ; 


iiHoy 


9MtRl 


fSet current locslion as a word 




TSTB 


MTHPKOD 


iare we in bvie tode? 




WL 


TYPL02 


Ino 




HOVB 


?R4>R1 


lelse iei locstion as a bate 




BIC 


•177400fR1 


fprevent sigri extension 


TYPL02; 


IJJSR 


PCt«ATSY« 


iifi to tatch 3 5*»bol 




BHI 


2$ 


; unsuccessful 


W, 


mv 


«PRINT2»R0 






BR 


5J 




2i: 


MOV 


♦TYPNMl, RO 




5i: 


JSR 


PC>(ROI 






INC 


R4 






TSTB 


eiTMPMOD 






BHI 


6* 






IKC 


R4 




61 : 


RTS 


PC 




TYPLOI : 


IlKOV 


R5»-(SP) 


Ssave R5 because TYPINS uses it 




JSR 


PC.TYPINS 


Jtype an instruction 




HOV 


(SP)+rR5 


i restore R5 




RTS 


PC 
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1 

2 
3 

4 






5 155202 


004767 


000042 


6 155206 


112737 


000010 


7 155214 


004767 


177660 


8 155220 


004767 


177616 


9 155224 


005704 




10 155226 


001406 




11 155230 


020405 




12 155232 


101003 




13 155234 


005337 


007340 


14 155240 


001365 




15 155242 


000207 




16 155244 


000244 




17 155246 


000207 




18 






19 






20 






21 






22 155250 


016746 


032054 


23 155254 


042767 


000200 


24 155262 


004767 


156236 


25 155266 


010401 




26 155270 


132737 


000002 


27 155276 


001006 




28 155300 


004767 


174326 


29 155304 


100403 




30 155306 


004767 


156462 


31 155312 


000402 




32 






33 155314 


004767 


177424 


34 155320 


012700 


020072 


35 155324 


012667 


032000 


36 155330 


000167 


156174 



H 



TYPLIN types the next 8 locations or four locations if in binary Mde. 



TYPLINIJJSR 



PCiTYPADR 



007340 



NOVB «8.rMC0UNri 



1$! 



2t: 
3«: 

++ 



JSR 
JSfi 
TST 
BEQ 
CHP 
DHI 
DEC 
BME 
RTS 
CLZ 
RTS 



PCfTYPLOC 

PCfTYPSPC 

R4 

3$ 

R4fR5 

2i 

0«COUNT1 

1( 

PC 

PC 



itype address in R4 as label or octal nuibsr 



ltw>e location in current iodet advance R4 



tfor 177776 to case 

I done yet? 
ryes 



TYPAOR typ«s the value in R4 as a label or octal nuiberr followed by ! <^> 



032046 



007330 



TYPADRMNOV T)tPt10Df-(SP; ffor byte lode 

BIC #F.BYT»fJMP(10D ; 

JSR PC.CRLF 

mi R4rRl 

BITB »F,A6S)MTHPN0D 

BME 1$ 

JSR PCfHATSYK 

BHI U 

JSR PCrPRINT2 

6R 2» 

JSR PC»TYPOCT 

HOV M00t04O+072rRO 

HOV (SP)frTKPHDD frestor lode 

JHP CHROUT 



1*1 

2*: 
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.SBTTL Po«er-UP DiaSnostics 



3 
4 
5 
6 155334 






.ENABL 


LSB 




005203 




DIAGNO: 


lUMC 


R3 


7 155336 


012737 


000377 177440 




HOV 


*377f?*P$P0RA 


8 155344 


012737 


OOOOU 177444 




mv 


»11.MP*P0RC 


9 155352 


012705 


003133 




HOV 


#400*006+133 »R5 


10 155356 


012701 


007776 




MOV 


♦7776.RI 


11 155362 


010102 






HOV 


Rhft2 


12 155364 


005000 






CLR 


RO 


13 155366 


010041 




lt{ 


HOV 


RO--(Rl) 


14 155370 


005200 






INC 


RO 


15 155372 


005201 






INC 


Rl 


16 155374 


077104 






SOB 


Rl»» 


17 155376 


012706 


010000 




HOV 


IIOOOOjSP 


18 155402 


012700 


005777 




HOV 


#5777>R0 


19 155406 


004767 


000146 




JSR 


PC.CHKSUH 


20 155412 


042703 


177770 




BIC 


»177770.R3 


21 155416 


110337 


177444 




H0V6 


R3fetPIP0RC 


22 155422 


012701 


133000 




HOV 


♦133000.R1 


23 155426 


012702 


160000 




HOV 


«ENDtR2 


24 155432 


005000 






CLR 


RO 


25 155434 


004767 


000120 




JSR 


PCtCHKSt^ 


26 155440 


005705 






TST 


R5 


27 155442 


001035 






BNE 


2J 


28 155444 

29 

30 155450 


012705 


000117 




HOV 


♦400tOOO+117.R5 


012700 


177560 




HOV 


»177560»R0 


31 155454 


105760 


000002 


SLUTSTl 


; TSTB 


2(R0) 


32 155460 


152760 


000004 000004 




BISF 


*4.4(R0! 


33 155446 


112701 


000060 




HOVB 


»60rRl 


34 155472 


105760 


000004 


SLU.i: 


TSTB 


4(R0) 


35 155476 


100375 






BPL 


au.i 


36 155500 


110160 


000006 




HOVB 


Rlr6(R0) 


37 155504 


105710 




SIU.2! 


TSTB 


(RO) 


38 155506 


100376 






BPL 


SLU.2 


39 155510 


126001 


000002 




CHPB 


2(R0).Rt 


40 155514 


001010 






BNE 


2i 


41 155516 


105201 






IHCB 


Rl 


42 155520 


120127 


000072 




CHPB 


Rl-»72 


43 155524 


001362 






BNE 


SLU.I 


44 155526 


142760 


000004 000004 




BICB 


«4r4(R0) 


45 155534 


105005 






CLRB 


R5 


46 155536 


005705 




2«: 


TST 


R5 


47 155540 


001005 






BNE 


4i 


48 155542 


132737 


000002 177564 




61 TB 


»2tH177564 


49 155550 


001401 






BEQ 


4i 


50 155552 


000670 






BR 


BIAGNO 


51 155554 

52 

53 


000167 


161100 


4»: 


JHP 


(START 






,imi 


LSB 




54 












55 155560 


062100 




CHKSUM! 


:;add 


(Rl)t»RO 


56 155562 


020102 






CHP 


RlfR2 


57 155564 


103775 






BLD 


CHKSUH 



iuse r3 as di3it to display nuiber 

flight all se^tents 

jturn on led 

Unitialize error code '12' 

tfill RAH with patternj ssvina location for JSR 



fset SP to top of RAM 

ichecksut co»p]e»ent for RAH pattern 

ichecKsua words froi Rl (=0) to R2 (=7776) 

riask of all but di^it select 

iturn off led and turn on dieit 

; index RDHs 

fSet upper checksui lisit to top of ROMs 

iperfon checksui of ROH 

fdo we have an error yet? 

fyesr e^it and shou it 

i initialize error code ' 3' 

; point to console 

iclc3r out and recieved Ssrbase 

Tset aainenace bit 

pinit character to Kiit 

Ireacfy to x»ii 

!no - uait 

fserpd char to reciever 

freceived a char 

(no - usit 

i^ot what ^ou xiiitted 

fno - error 

fProduce r*e>:t ascii character 

i 

iloop until checked to 177 

jresel isintenace bit 

laesf cle»r error 

tcheck for error 

ibranch if error 

rsee if in dia^no lode 

iif not then 3oo(fcy 

floop for ever 

^initialize scratchpad RAM and start »onitor 



iaccutulate checksui 

idone aef 

!no 
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58 155566 000305 SUAE R5 

59 155570 005700 TST RO Hest result 

60 155572 001001 BNE 1$ Ichecksun failed 

61 155574 105005 CLRB R5 !else clear error 

62 155576 000207 1*1 RTS PC 
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3 
4 
5 
i 
7 
8 
9 

to 

U 
12 
13 
14 
15 
16 
1? 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
J6 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4B 
49 
50 
51 
52 
53 
54 
55 
56 
57 



+t 



tSBTTL Swcial Dsta Structures 



INSTRUCTION ENCODE/DECODE and COHHAND DECODE TABLES! 
The five paraieters listed for e^ch opcode are! 
It Base value of the opcode 

2. String naie of the opcode 

3. Parneter organization! 

00 ~ decode condition code bits (N»ZfVfC) 

01 - nnnnnn (16 bit nuiber) 

02 ' no paraielers 

03 - nm (B bit nuiber) 

04 - XXX (8 bit diwlaceient) 

05 - r.dd 

06 - dd or 55 

07 - 5S»dd 

10 - F 

U - rinn (6 bit disrlacetent) 

4. Eousls 1 if instrfjction is legal in b^iie tode 

The fifth paraieter is s code used bs the top-level parser to decode ASCII 
characters in the 040 to 077 range. The values of this parateter are; 

- Illesal character at top level 

1 - Interpret as the first character of an expression or instruction 

2 - !» or label definition 

3 - l> or coiient 

4 - =» or tvriml definition 

5 - ?i or tafe as a nuiber 

6 - Valid as an operator within ejtpressions 

7 - Bath 1 and 6 bppIb 



.NACi!D 


INSTRS 






CODE 


000000»<HALT 


>,2,0t0 


is 


CODE 


000001 »<UAIT 


>,2,0,6 


J! 


CODE 


000002 KRTI 


>,2,0,0 


i ' 


cm 


000002KBPT 


>,2,0»1 


}\ 


CODE 


000004, <IOT 


>»2,0,1 


it 


CODE 


000005.<RESET >.2,0.0 


ix 


CODE 


000006. <RTT 


>r2,0,6 


n 


CODE 


000007f< 


>, 1,0,1 


i' 


CODE 


000100i<JNP 


>,6,0,0 


fl. 


CODE 


000200t<RTS 


>,10,0,0 


i) 


CODE 


000210 r< 


>,l,0f6 


;» 


CODE 


000240,<NOP 


>, 2,0,7 


f+ 


CODE 


000241, <CL 


>, 0,0,0 


J, 


CODE 


000257KCCC 


>,2,0,7 


f- 


CODE 


000260, < 


>rl,0,l 


i > 


CODE 


000261 ><SE 


>,OtO,6 


i/ 


CODE 


000277, <SCC 


>-2,0,l 


;o 


CODE 


000300, <5UAB 


>,6,0,1 


;i 


CODE 


000400, <6fi 


>r4,0,l 


i2 


CODE 


001000,<M 


>,4,0,1 


n 


CODE 


001400,<DEQ 


>r4,0,l 


i4 


CODE 


0O20D0,<B6E 


>,4f0,1 


;5 


CODE 


00240*,<B1.T 


>r4,0,l 


;6 
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58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7S 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
S8 
89 
90 
91 
92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 
103 
104 
105 
106 

107 155600 

108 155602 

109 155604 
no 155606 

111 155610 

112 155612 

113 155614 

114 155616 



COSE 
CODE 
CDDE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CDDE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CDDE 
CODE 
CDDE 
CODE 
CODE 
CODE 
CODE 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CDDE 
CODE 
CDDE 
CODE 
CODE 
.ENDN 



003000»<B6T 
&03400KBLE 
004000 »<JSR 
005000KCLR 
005100, <COfl 
005200KINC 
M53O0KDEC 
0054C0f<N£G 
005500 KADC 
005600. <SBC 
005700. <TST 
006000><ftOft 
006100. <ROL 
006200 t<ASR 
006300. <ASL 
006400. < 
006700. <SXT 
W7000.< 
010000,<MV 
0200C0t<C«P 
030000.<Bn 
040000.<BIC 
05OOOO,<BIS 
060000 ><ADD 
070O0O.< 
074000. <XOR 
075000, < 
077000. <SOS 
100000f<BPL 

100400. <B«I 
101000f<BHI 
101400,<BLOS 
102000, <BVC 
102400, <BUS 
103000»<BCC 
103000. <BHIS 
103400. <BCS 
103400,<BLO 
104000, <E«T 
l04400,<rRtf' 
105000, < 
106400. <hTPS 
106500. < 
106700, <HFPS 
107000.< 
160000 r<StJB 
17O000.< 



,4,0, 


.4.0, 


,5.0, 


.6,1. 


,6.1. 


.6.1. 


,6.1, 


,6.1, 


,6.1, 


.6,1. 


.6.1, 


.6,1, 


,6.1) 


,6,1, 


,6,1. 


,1.0. 


.6.0, 


.1.0, 


,7.1. 


,7,1, 


,7,1, 


,7.1, 


,7,1. 


,7.0. 


.1.0, 


.5.0. 


,1.0. 


.11,0 


,4.0. 


.4.0. 


.4,0. 


.4,0. 


.4,0. 


.4.0, 


.4,0. 


.4.0, 


.4,0, 


,4,0. 


.3,0, 


,3,0, 


thO, 


.6.0, 


.1.0, 


,6,0. 


,1.0, 


,7.0, 


,1,0, 



000241 
000242 
000244 
000250 
000261 
000262 
000264 
000270 



CBASESt:.UORD 000241 

.WORD 000242 

.WORD 000244 

.WORD 000250 

.UORD 000261 

.UORD 000262 

.WORD 000264 

.UDRD 000270 



iCLC 
;CLV 

fCLZ 
iCLN 

;SEC 
iSEy 
;sEZ 

;SEN 
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115 












lU 








Mcm 


CODE 


11? 








.WORD 


BASUfiL 


118 








.ENDH 




119 155620 






BASES!: 


INSTRS 




120 












121 








.HftCRO 


CODE 1 


122 








•BTTE 


<BYT«f)D(: 


123 








.ENDH 




124 15A034 

125 

12i 156142 






PARAKS! 


: INSTRS 




072460 


000000 


DSY«s:: 


.RAP50 


/RO / 


127 156146 


072530 


000000 




.RAD50 


m 1 


12B 156152 


072600 


000000 




.RAUSO 


m 1 


129 156156 


072650 


000000 




.RAD50 


/R3 


130 156162 


072720 


000000 




.RAD50 


/R4 / 


131 156166 


072770 


000000 




.RAB50 


/R5 / 


132 156172 


074500 


000000 




,ftAD50 


/5P / 


133 156176 


062170 


oooooo 




• RflliSO 


/PC / 


134 156202 


063370 


000000 


DSYMF-S! 


,ftAD50 


/PS / 


135 156206 


111100 


oooooo 




,RAP50 


/MP / 


136 156212 


127400 


oooooo 




.RAII50 


/. / 


137 156216 






dsywr: 






138 156216 


000000 


oooooo 




.RAII50 


/ 


139 156222 


010530 


oooooo 




■RADSO 


/t;i / 


140 156226 


010600 


oooooo 




.RAD50 


in I 


141 156232 


010650 


oooooo 




.RAD50 


III 


142 156236 


010720 


oooooo 




.RAD50 


m i 


143 












344 156242 


031324 


062000 


I'lRyRs: 


:.RAB50 


/HELP / 


145 156246 


027030 


oooooo 




.RAD50 


/GO 


146 156252 


074745 


062000 




.RflliSO 


/STEP / 


147 156256 


062073 


075630 


nkm: 


,RAD50 


/FASS^ / 


148 156262 


062073 


075700 




,RAD50 


/PASS2 / 


149 156266 


032153 


076400 




,RAD50 


/HOST / 


150 156272 


054740 


060314 




.RADSO 


/NOHOST/ 


151 156276 


076464 


042300 




.RAItSO 


/TALK / 


152 156302 


046531 


014400 




.RAD50 


/LOAIi / 


153 156306 


131014 


004444 




.PAP50 


/.START/ 


154 156312 


127726 


014400 




.RAII50 


/.Emi / 


155 156316 


127736 


020560 




,RAD50 


/.EVEN < 


156 156322 


127473 


012061 




.RAD50 


/.ASCII/ 


157 156326 


127551 


076710 




.RAD50 


/.BUE / 


158 156332 


131247 


070440 




,RAD50 


/.HORO / 


159 156336 


127534 


042420 




.RAP50 


/,P.LKB / 


160 156342 


127534 


044130 




.RADSO 


/.BLKU ; 


161 156346 


003243 


057665 


m'Mi 


.RADSO 


/ABSOLU/ 


162 156352 


011366 


0U624 


i\iwm 


.f;AB50 


/CAWCEL/ 


163 156356 


021411 


076400 


dirvbd: 


.R(\m 


/EXIT / 


164 156362 


010174 


017500 


dirvbh: 


Mim 


/BYTE / 


165 156366 


035203 


077745 


DIRVBi; 


,kAD50 


'INSTRU- 


166 156372 


012245 


004420 




sRmo 


/CLE^R / 


167 156376 


014724 


021145 




Mm 


/DELf'E/ 


168 156402 


111052 


014400 


dirvbh: 


.RABSO 


/WORIi / 


169 156406 






DiRyso: 






170 156406 


070530 


017574 


IiIRWf! 


.RAri50 


/REPEf^T/ 


171 156412 


075265 


007344 


DlRyps: 


.RAD50 


/SY«eoi/ 



BASyAL»«NEH.FORhATfBYTM0D-rtISC 



EiASVALTHNEHiFORHAT,BYTHOri,HISC 



fFredefined syibols tusl not be 3 .-harscters in 
fUfvSth* or else 3 'ttyte scle' version of eech 
Tnane will slso tatchr i.e, XYZB will match to 
fXYZ. Only b'ste node ftnesonics should be 3 
Jchsracters Ions. 
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172 15M16 

173 154422 

174 156426 

175 156432 

176 15M3A 
177 

178 156442 

179 156446 

180 156452 

181 156456 

182 156462 

183 156466 

184 156472 
165 156476 
186 

187 

188 

189 

190 156502 

191 

192 



074017 
07401? 

074017 
106257 
106257 

012243 

012266 
012272 
012256 
073613 
073636 
073542 
073626 



156566 

000770 



110727 
n!225 

111321 
053600 
023160 

000000 
000000 
000000 
OOOOOO 
000000 
OOOOOO 
OOOOOO 
OOOOOO 



dirmpt: 



.RftP^O 
.RAD50 
,RftD50 
,RAD50 
.RAD50 



.HfiCRO 
.ftAD50 
,£HDN 

mimit msTfts 

MNCCC " 

rOPNAM == 



/SHOMMO/ 

/EHOUSY-' 
-I'TON .' 
/yTOFF / 



CMNEMS:;.ftA050 /CLf 

.f>'fiD50 /CU' 

.RAD50 /CL: 

.RfiPSO /CLN 

.RAD50 /SEC 

.RAD50 /SEy 

,RAD50 /SEZ 

.RAD50 /SlN 



CODE 

•MNEM' 



BASyfiL.MNEM.FORhAT.EYTMOIi.HISC 



l1NEHSt064 
. - DSYHS 



ilefi5th of precedina RfiDSO table 
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000642 



1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

18 157774 
19 
20 
21 
22 
23 

24 157776 

25 157777 
26 

27 160000 140000 



++ 



++ 



.SBTTL Spare Locations^ Checlisui» snd ROrt I.D. 

The locations defined b« the following directive are free and lUst be 
zero for the poMer-up diasnostics to work properly. Uhen adding code 
in this space or ch3ndio3 arty of the previous code» adjust the checksufc 
value at CHECKS = 157774 so that the ROMs 5S £ whole will have a :ero 
word checksui- 



,REPT <157774-.> 
.BYTE 
.EMBit 

Th? following word adjusts the ROM checksum to zero. 



052744 



checks;;. WORD 52744 

H 



}l2-MAY-83 R, Arnott 



The last bate in each of the ROWs is used to idefttifv the ROMs. 



010 
010 



lo.id;: .byte 010 
hi.ic:: ^byte 010 

imi\ .EHD start 



^Version l.Or lou biite 

fVersion l.Or high bate 
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Sait-o} 


tabl? 


















ADDir 


15215^ G 


C0NOUT= 


000064 G 


EBEL 


146232 G 


F.LOAD= 


OC0200 


miNiT 


135076 G 


ADRCHK 


154610 G 


CONTIN 


143612 G 


EDELI 


146240 


F.MNEH= 


OOOOOI 


lOVECT 


135224 G 


ADRCHl 


154524 D 


COUNIl^ 


007340 G 


EERR 


146360 


F.NULL= 


000004 


ITRAP 


137334 G 


ADRCH2 


154530 C 


COUNT 2= 


007341 G 


EEXT 


146320 G 


F.PAS1= 


lOOOOO 


KABRCH 


t1215i 


p,wm= 


007334 G 


CRLF 


133524 G 


EFMIi 


146560 G 


F.PROT- 


040000 


KIYBCB 


I365H G 


Ascour 


133624 G 


CURCOH= 


007326 G 


EINS 


146210 G 


F.REG = 


OWOIO 


KEYCMD 


140330 G 


ASCRAD 


154416 G 


CIRBUF: 


177562 G 


EHOD 


146760 G 


F.SAyX- 


000010 


KEYCHl 


140344 G 


AUXFLG= 


007711 G 


C(RCSR= 


177560 G 


EHOV 


146364 G 


F.SST = 


000200 


KEYGET 


136436 G 


AUXIN = 


000120 G 


CtXBUF= 


177566 G 


EHTRAP 


153152 G 


F.SST1= 


OOOOOI 


KEYGEi 


136470 


AUXOUT= 


000124 G 


CJXCSR= 


177564 G 


END 


160000 G 


r.STOP= 


000002 


I-XYPIU^ 


007676 G 


A»CREG= 


177452 e 


DEBNCE= 


007704 G 


EHBEXP 


145002 


F.TBAS= 


020000 


f(£YPVS= 


007700 G 


AiRBUF= 


177550 6 


DECDSP 


140030 G 


E«UM 


146270 G 


F.UNDF= 


000004 


KLOGP 


140306 G 


AJSREG^ 


177552 G 


DELETE 


147444 G 


EREG 


146332 G 


F.USER= 


000100 


KLOORl 


141170 


AiXBUF= 


177450 6 


DELIH = 


007345 G 


EREP 


146276 G 


F.USRD- 


000010 


KL00P2 


141644 


BASES 


155620 G 


DELStK 


151674 G 


ERROR 


143212 G 


F,yALU= 


000002 


KHOHIT 


140200 G 


BCDKEr 


140050 C- 


DGOISP 


140014 G 


ERR0R2 


143720 


F.VT = 


004000 


LASCOH= 


007327 r. 


BCCTBL 


136522 


DIAGNO 


155334 G 


ERRSEG 


135756 


GENEXP 


144512 G 


LASLIN= 


007325 G 


BINASC 


154214 G 


DIGEXE 


140542 G 


ESYM 


146312 G 


GETARG 


152642 G 


LEDIV = 


000104 G 


BlNASl 


154254 G 


DIRVBA 


156346 


EXDOOP 


145220 


GETBP 


133436 G 


LERR 


150472 


BLNK0S 


136350 


DIRVBB 


156352 


EXWIT 


145172 


GETCH 


133316 B 


LEMEL = 


007333 G 


GLNKHI 


136344 6 


DIRVMi 


156356 


EXINIl 


145200 


GETCHC 


133412 G 


LIHEIN 


133000 G 


BLNKLO 


136336 G 


DIRVBH 


156362 


EXPFLG= 


007332 G 


GETDST 


153662 


LINFLG= 


007324 G 


BLDAD 


150442 G 


DIRVBI 


156366 


FERCHfi 


137542 G 


GETERtI 


144554 G 


LOAD 


150442 G 


POTT0H= 


007346 G 


[lIRVBN 


156402 


FERROR 


137350 G 


GETEXP 


144522 6 


LOBLNK 


140040 G 


BP 


007630 G 


ItlRVBO 


156406 


fm 


150114 G 


BETEXl 


144540 


LQBISP 


140024 G 


BRANCH 


153266 


DIRVBP 


156406 


FIXBP 


140170 


GET IMS 


152206 G 


LOGAND 


152134 G 


BRDISP 


153024 G 


DIRVBS 


156412 


FLAGS1= 


007706 6 


GETKEY 


140044 G 


LOGOR 


152130 G 


BREAK 


137114 G 


DIRVBT 


156416 


FHESAG 


137424 6 


GETLCH 


133406 G 


LO.ID 


157776 G 


BRKF1L= 


007760 G 


DIRVBI 


156256 


FMESGl 


137434 


GETLIN 


133240 G 


LPftREN 


145046 


BRKPT 


137174 G 


DIRVRB 


156242 G 


FHESG2 


137450 


GETLIT 


146060 G 


HATSYh 


151632 G 


8RKP1 


141466 


BI5PLA 


135344 & 


r«ESG3 


137472 


GETNAM 


145450 G 


HF8251= 


007464 G 


EUFF£R= 


007470 C 


DiyiD 


152164 G 


FHESfi4 


137522 


GETNHE 


145306 G 


HNCCC = 


156566 G 


CANCEL 


112246 G 


DDCOm 


144124 


FNCDDN 


142264 


GETNUh 


140054 G 


HNEHS 


156502 G 


CBASES 


155600 G 


DOCR 


144170 G 


FNCTBL 


142234 G 


GETNXT 


133426 G 


MODE = 


007342 G 


CHECKS 


157774 6 


DDEXPR 


144274 G 


FP 


007631 G 


GETDPR 


144724 G 


MDNITR 


140010 G 


CHKSUN 


155560 G 


DOFUNC 


142226 6 


FPASEN 


145162 


GETOPV 


144720 G 


MQNITl 


137556 C 


CHROUT 


133530 G 


D(M.AfiL 


151426 G 


FULOPR 


152364 G 


GETREG 


152322 6 


HOVE 


150044 G 


CHROl 


133540 G 


DOKVAl 


144134 


F.ABS = 


000002 


GETSYrt 


151560 G 


MULTIP 


152142 G 


CHR02 


133554 G 


DOOPER 


145124 


F.ADDR= 


000004 


GNEXAH 


141146 G 


NAHTBL 


136154 G 


CLRAPE 


151146 


OOSYMB 


151164 G 


F.APFL= 


OlOOOO 


GO 


147132 G 


WOHOST 


150306 6 


CNNEKS 


156442 G 


DOMERB 


147172 6 


F.AMX= 


000200 


GOtLED 


142270 G 


NflPCOD 


153540 G 


CMONIT 


142724 G 


DSPDEC 


136366 6 


F,BRKA= 


000400 


GRET 


143052 


NOPRDT 


150134 G 


OHDNl 


142572 G 


DSPDIG 


135772 G 


F,BRK6= 


001000 


HELP 


147320 6 


NPROT 


142562 G 


CM0M2 


143164 G 


DSPLKH 


136044 G 


f.BRKS= 


000020 


HEXSEG 


136016 G 


NUMCH 


154356 6 


CH0N3 


143216 5 


BSPNAH 


136112 S 


F.SYTB^ OOOOOI 


HFP -- 


007672 G 


ffUHGST 


136546 6 


CM0N31 


143224 


DSPNUH 


136050 


F.BYTM^ 


000200 


HGETCH 


134744 G 


DUBADR 


154512 


CrtON4 


143246 G 


DSPT8L 


140360 G 


F.CHAN= 


000002 


HMD 


15777? G 


DPERAT= 


007343 e 


CM0N5 


143604 G 


BSPUNM 


136036 G 


F.COHM- 


000020 


HOST 


150222 G 


OPRAND 


153014 G 


CtfOI46 


143616 G 


DSYHPS 


156202 


F,CPBO= 


OOOOIO 


HOSTBF^ 


007632 G 


OPRTBL 


145250 


CM(W7 


143652 


DSYMS 


156142 G 


F.CPBl- 


000020 


HOST IN 


134540 G 


OPTION 


150352 


C«ILC = 


007344 6 


BSYHUR 


156216 


F.CPB2= 


000040 


HSTFLG= 


007673 G 


OVERFL 


143104 


COHACH 


152670 


EABS 


146150 G 


F,DATA= 


OOOOOI 


INSDNl 


152744 


PABRAfi 


144050 


COMLUP 


143646 


EBYT 


146176 G 


F.FUNC= 


000040 


I«SDN2 


152760 


PADRl 


146040 


CONBRK= 


000140 G 


ECAN 


146156 G 


F,HOST= 


004000 


INSDON 


152770 


PARAMS 


156034 G 


DONCOD 


153172 G 


ECHO 


134142 G 


F.INST= 


000100 


INSBSP 


152276 


PftRDSP 


144104 


C0NFL6= 


007710 G 


EaR 


146222 G 


F.KEYP= 


002000 


INTDDN 


153544 


PftSSl 


150202 6 


CONIN =: 


000060 G 


ECDN 


146354 


F.LDST= 


000100 


INTDSP 


153514 


PASS2 


150212 G 
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S^ibol 


t3bie 


















PUSUAL 


H5670 G 


SAVEXP= 


007336 G 


TCONCD 


154132 G 


TYPEYH 


152102 G 


$G01 


141722 G 


PERHOD^ 


007331 G 


5CRPAD= 


007400 G 


TEHTRP 


153722 G 


TYPTBL 


152040 G 


JHALT 


136752 G 


PFVEC = 


000024 G 


SCRPDI= 


006500 G 


TFULDP 


153750 G 


UCSAyE 


137004 G 


»«ONIT 


137570 G 


PRINT 


133766 G 


SEGBUF= 


007712 G 


TINE = 


007730 G 


UNDEFX 


151372 


»NULLI 


135676 G 


PR I NT A 


133754 G 


SETAUX 


135170 G 


ThPMOn= 


007330 G 


UPELMK 


140034 G 


tNUMER 


1*0430 G 


PRINTI 


134004 G 


SET AX 1 


135126 


TOPNAH= 


000770 G 


UPDISf 


140020 G 


tPC = 


■■ 007750 G 


PRINT3 


133774 6 


SETAX2 


135124 


TOPRND 


153554 G 


USERAH 


154476 


$PS -' 


007752 G 


PRINT3 


134014 G 


SETHOD 


146104 


TPREG 


153612 G 


USERiy- 


000100 G 


«RE6 


141610 G 


PRINTS 


134010 


SLUTST 


155454 


TREGIS 


153636 G 


USERVS= 


007702 G 


(RPEAT 


150012 G 


PRNEftR 


143120 G 


SLU.l 


155472 


TRGDST 


153574 G 


VCON 


150142 


»R0 = 


^ C07732 6 


PROTEC 


150172 G 


5LU.2 


155504 


TRTSRG 


153566 G 


VERR 


150146 


»R1 ^ 


007734 E 


PURGE 


133450 G 


SOBDSP 


153102 G 


TSOBDS 


153676 G 


yERRl 


150162 


♦R2 -- 


007734 G 


PURFVS^ 


007674 G 


SPCLBF= 


007726 G 


TSRDST 


153544 G 


yRBDSP 


147220 G 


»R3 - 


0077W G 


P«CREG= 


177446 G 


SPDTBL 


142302 G 


TYPAUfi 


155250 G 


VRBDSl 


147262 


(R4 = 


007^42 


PtPORA= 


177440 G 


SPEEDS 


142320 G 


TYPASC 


154634 G 


yTJMP 


147402 


IRS - 


007744 G 


P»P(}RC= 


177444 G 


SRCDST 


153006 G 


TYPMC 


154660 C 


yTOFF 


147406 


*SP = 


007^46 P 


PiPORD= 


177544 G 


STACK = 


007462 6 


TYPINS 


153366 G 


yTON 


147374 


*SST 


141706 e 


P(PQftI= 


177542 6 


START 


140000 6 


TYPlIfJ 


155202 G 


UHAT 


143076 


tSTftftT 


136660 6 


P»PORO^ 


177442 G 


STEP 


H74U G 


TYPLOC 


155100 6 


JADDR = 


007756 G 


♦UR = 


006500 G 


RADCH 


154302 G 


SUBTR 


152160 G 


TYFIOI 


155170 6 


lAPrR'K 


141550 G 


$HATCH= 


007754 G 


REGDST 


152724 G 


TALK 


150504 G 


TYPLOl 


155114 G 


im 


141232 D 


t.ASCI 


147700 G 


REPEAT^ 


007466 G 


TALKl 


150530 


TYPL02 


1S5132 G 


«BACK 


141372 G 


J.BLKF: 


147634 G 


REPOFO 


151412 


TBLBOT= 


007462 G 


TYPNKl 


155076 G 


*FRKP 


141462 G 


(.BLKU 


147654 G 


RERR 


150152 


TBLFUL 
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SCHEMATIC DRAWINGS 
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Figure B-1 DCTl 1-EM Component Placement 
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APPENDIX C 
ERROR MESSAGES 

C.l DIAGNOSTIC ERROR MESSAGES 

The following flashing error messages are displayed if the DCTl 1-EM fails its diagnostic tests. These are 
fundamental errors and must be corrected before you attempt to do anything else. 
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MEANING 

RAM checksum test failed. Try 
replacing RAM chips. 



ROM chKksum test failed. Try 
replacing ROM chips. 



RAM and ROM checksum tests failed. 
Bflard may have major problems. 



OLART feedback test failed. 
Board may have major problems. 



C2 KEYPAD ERROR MESSAGES 

If the DCTl 1-EM detects an error while you are using the keypad, it displays a flashing error message on 
the upper and lower rows of LEDs. The upper row of LEDs displays a two-character error code and the 
lower row of LEDs displays; 



Error 



The entire error message disappears and the DCTl 1-EM is returned to register mode when you press the 
HALT switch or any key on the keypad. 

The keypad error messages are as follows. 



UPPER 
DISPLAY 



LOWER 
DISPLAY 



MEANING 



b P Error 

C b Error 



You tried to execute a program with 
a 8PT instruction in ii. 



A break was deiecied on the console 
terminal pon while the keypad was 
aciive. 
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You tried to execute a progiam with 
an invalid instruction m it 



Vou tried to execute a program and 
used an unacceptable value for the 
SP. See chapter 5 for more information. 



You tried to alter a prelected location 
in the keypad monpior scratch parf 
(locations 7400 through 7776j. 



C.3 CONSOLE MESSAGES 

The console displays 12 different messages (Table C-1). Most of these are error messages that indicate a 
problem with your input or with the execution of your program. This paragraph explains each of the 
messages and its probable causes. 

Some of the error messages are preceded by the portion of your input that caused the error. If this is the 
case, your erroneous input is displayed between backslashes on the line above the error message. 
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Table C-1 Console Messages 



Message 



Meaning 



BRANCH OUT OF RANGE 



BREAK POINT 
ENCOUNTERED 



BUFFER OVERFLOW 



CONSOLE BREAK 



INVALID INSTRUCTION 
ENCOUNTERED 

INVALID STACK POINTER 



NOT IN USER RAM 



ODD ADDRESS 



You input a branch instruction which was too far from the branch destina- 
tion. Recall that branch instructions have a range of -128 to 127 (decimal) 
words. 



A breakpoint (Bl, B2, B3, or B4) or a BPT instruction was encountered 
while your program was executing. 

The console monitor was accepting input from a host and a line exceeding 96 
characters was received. As with all errors generated during host loading, 
this error stops the DCTl 1-EM from loading further input from the host. 

The BREAK key on the console keyboard was pressed. If you are executing 
a program, execution stops and the DCTl 1-EM internal register values at 
the time of the break are saved. If you arc in HOST, TALK, or LOAD 
modes, CONSOLE BREAK causes a return to NOHOST mode. 



An invalid op code was encountered while your program was running. 

The stack pointer did not have a value between 4 and 6500 (inclusive) when 
you started your program or when you single stepped. 

You attempted to alter a location thai was in the protected monitor 
scratchpad area (locations 6500 through 7777, inclusive). 

You attempted to access a full word in RAM on an odd address boundan. 
Use the BYTE mode to examine or alter locations at odd addresses. 



REPEAT OF ZERO 
TABLE FULL 
UNDEFINED EXPRESSION 

WHAT ? 



You input a REPEAT command that had a count of zero. 

You attempted to define more than 66 symbols. 

You attempted to use an undefined parameter, operand, or other data object 
when a defined expression was required, For example, you referenced an 
undefined symbol while in PASS2 mode. 

You attempted to input a line that had a syntax error in it. 
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INDEX 



ABSOLU command, 4-7, 4-29 
Address decoding, 6-6 
Address pointer, 4-6 
Address space, 5-13 

standard RAM space, 5-15 

expansion RAM space, 5-15 

monitor space, 5-15 

I/O space, 5-15 

for external hardware, 5-16 

reserved, 5-16 
Altering memory 

with console, 4-10 

with keypad, 3-10, 3-32 
Altering registers 

with console, 4-5 

with keypad, 3-4, 3-32 
.ASCII command, 4-21, 4-29 



B 



.BLKB command, 4-21,4-29 

.BLKW command, 4-21, 4-29 

Breakpoints canceling 
with console, 4-20 
canceling with keypad, 3-27, 3-32 
displaying with console, 4-20 
displaying with keypad, 3-20, 3-32 
setting with console, 4-19 
setting with keypad, 3-20, 3-32 

Buffers, 6-5 

.BYTE command, 4-21, 4-30 

BYTE command, 4-7, 4-30 



Cancel breakpoints, 3-27, 3-32 
CANCEL command, 4-16, 4-20, 4-30 
CLEAR command, 4-14, 4-30 
Connectors, 6-8 

60-pin (J 1), 6-8 through 6-9 

auxiliary serial (J3), 6-10 

console serial (J4), 6-11 

power supply (J2), 6-10 
Console 

altering memory with, 4-10 

altering registers with, 4-5 

command summary, 4-29 



connecting a, 4-1 
control commands, 4-3 
default modes, 4-2, 4-21 
entering programs with, 4-12 
examining registers with, 4-5 
examining memory with, 4-7 
host loading with, 4-22 
input rules, 4-2 
monitor, 1-1, 3-28, 5-1, 5-15 
output formatting modes, 4-6 
single stepping with, 4-17 
transferring control to and from, 4-2 
using breakpoints with, 4-19 
using watchpoint with, 4-16 

Console commands 

ABSOLU command, 4-7, 4-29 
.ASCII command, 4-21, 4-29 
.BLKB command, 4-21, 4-29 
.BLKW command, 4-21,4-29 
.BYTE command, 4-21, 4-30 
BYTE command, 4-7, 4-30 
CANCEL command, 4-16, 4-30 
CLEAR command, 4-14, 4-30 
DELETE command, 4-14, 4-30 
.END command, 4-26, 4-30 
.EVEN command, 4-21, 4-30 
EXIT command, 4-2, 4-30 
GO command, 4-16, 4-30 
HELP command, 4-21, 4-30 
HOST command, 4-23, 4-30 
INSTRU command, 4-7, 4-30 
LOAD command, 4-24, 4-30 
NOHOST command, 4-23, 4-30 
PASSl command, 4-25, 4-30 
PASS2 command, 4-25, 4-30 
REPEAT command, 4-21, 4-31 
SHOWMO command, 4-21, 4-31 
SHOWRE command, 4-5, 4-31 
SHOWSY command, 4-14, 4-31 
.START command, 4-25, 4-31 
STEP command, 4-17. 4-31 
SYMBOL command, 4-7, 4-31 
TALK command, 4-23, 4-38 
VTOFF command, 4-3, 4-31 
VTON command, 4-3, 4-31 
.WORD command, 4-21, 4-31 

CTRL/A, 4-3, 4-24, 4-25, 4-32 

CTRL/C, 4-3, 4-32 
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CTRL/0, 4-3, 4-24, 4-32 
CTRL/Q, 4-3, 4-32 
CTRL/R, 4-3, 4-32 
CTRL/S, 4-3, 4-32 
CTRL/U, 4-3, 4-32 
CTRL/X, 4-3, 4-32 
CTRL/Y, 4-3, 4-32 



I 



INT switch, 3-25, 6-7 
INSTRU command, 4-7, 4-30 
Instruction format, 4-11 
Interrupts, 5-5, 6-6 



D 



Default operating modes, 2-3, 4-2, 4-21 
DCTll-AA microprocessor, 1-1, 6-3 
DELETE command, 4-14, 4-30 
Directives, 4-20 

Debugging, see Breakpoints, 
Single stepping, Watchpoints 



E 



.END command, 4-36, 4-30 
EPROM, 6-4 

.EVEN command, 4-21, 4-30 
EXIT command, 4-2, 4-30 
Error Messages 

console, C-2 

diagnostic, 2-4, C-1 

keypad, C-1 
Examining memory 

with console, 4-7 

with keypad, 3-7 
Examining registers 

with console, 4-6 

with keypad, 3-2 
Expressions, 4-3 

G 

GO command, 4-16, 4-30 
Go with LEDs, 3-27, 3-32 

H 

Host Loading 

configuration, 4-22 
example of process, 4-28 
preparing a loadable program, 4-25 
the HOST command, 4-23 
the TALK command, 4-23 

HELP command, 4-21, 4-30 

HALT switch, 3-24, 6-7 

HOST command, 4-25, 4-30 



Jumpering, 2-4, 6-4 



K 



Keypad 

altering registers with, 3-4 
altering memory locations with, 3-10 
command summary, 3-32 
entering programs with, 3-12, 3-16 
examining registers with, 3-2 
examining memory locations with, 3-7 
monitor, 1-1, 2-3, 5-1, 5-15 
number system, 3-2 
single stepping with, 3-17 
special functions, 3-26 

cancel breakpoints, 3-27, 3-32 

go with LEDs, 3-27, 3-32 

release protection, 3-30, 3-32 

set baud rates, 3-28, 3-32 

start console, 3-34, 3-32 
using breakpoints with, 3-19 
using watchpoint with, 3-22 



LOAD command, 4-24, 4-30 



M 



MACRO-U, 4-20 

Memory expansion module, 6-1 1 

Monitor, 1-1, 2-3, 3-8, 3-28, 3-30, 4-2, 5-1, 

5-15,6-4 
Monitor subroutines, 
console, 5-8 through 5-13 

ASCOUT, 5-9 

CHR02, 5-9 

CHROUT, 5-9 

CRLF, 5-9 

GETCH, 5-9 

GETCHC, 5-9 

GETLIN, 5-8 

GETNXT, 5-9 
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PRINTA, 5-9 
TYPDEC, 5-9 
TYPOCT, 5-9 
using, 5-10 
keypad/LED, 5-2 through 5-8 
BCDKEY, 5-3 
DECDSP, 5-3 
DGDISP, 5-2 
GETKEY, 5-3 
GETNUM, 5-4 
LOBLNK, 5-3 
LODISP, 5-3 
UPBLNK, 5-3 
UPDISP, 5-3 
using, 5-4 

N 

NOHOST command, 4-23, 4-30 



STEP command, 4-17, 4-31 
Subroutines, see Monitor subroutines 
SYMBOL command, 4-7, 4-31 
Symbols 

defining, 4-14 

deleting, 4-14 

displaying, 4-14 

symbol name rules, 4-13 
Symbol table 

deleting, 4-14 

displaying, 4-14 
System specifications, 1-1 



TALK command, 4-23, 4-31 
Timing, 6-7 
Traps, 6-6 



U 



PASS! command, 4-25, 4-30 

PASS2 command, 4-25, 4-30 

Peripheral chips, 6-4 
address decoding, 6-6 
auxiliary serial line (8251 A), 6-5 
DLART console serial line, 6-5 
parallel port (8255A), 6-4 
reserved locations for, 5-15, 6-4 

Processor status word, 3-2 

Power supply 
cable, 2-1 

connector, 2-2, 6-8, 6-10 
requirements, 2-1 



R 



RAM, 6-5 

Release protection, 3-30, 3-32 
REPEAT command, 4-21, 4-31 



User LED, 3-25, 5-5 



VTOFF command, 4-3, 4-31 
VTON command, 4-3, 4-31 

W 

Walchpoints 

canceling with console, 4-16 
canceling with keypad, 3-27 
displaying with console, 4-16 
displaying with keypad, 3-20, 3-22 
setting with console, 4-16 
setting with keypad, 3-22 
.WORD command, 4-21, 4-31 



Set baud rates, 3-28, 3-32 
SHOWMO command, 4-21, 4-31 
SHOWRE command, 4-5, 4-31 
SHOWSY command, 4-14, 4-31 
Single stepping 

with console, 4-17 

with keypad, 3-17 
Stack pointer, 2-3, 3-2, 5-2 
.START command, 4-25, 4-31 
Start console, 3-28, 3-32 
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